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EXECUTIVE SUMMARY

An ecological risk assessment (ERA) was conducted for the Midnite Mine site on the Spokane Indian
Reservation in Stevens County, Washington. Midnite Mine is an inactive open pit uranium mine that was
added to the National Priorities List (NPL) in May 2000. Mining of the ore by the Dawn Mining Company
(DMC) between 1955 and 1981 resulted in the releases of metals and radionuclides.

The site is defined by the mined area (MA) and the potentially impacted area (PIA). The MA presents a
dominant impact to the ecosystems as a visbly disturbed area of approximately 343 acres providing limited
and poor quality habitat for wildlife. The MA is characterized as a rocky landscape with limited vegetation.

The MA contains five lacustrine habitats designated as Pit 3, Pit 4, Blood Pool, Pollution Control Pond (PCP),

and the Outfall Pond. Each of these lacustrine habitats are artificial formations evolved from the mining

operations and are contaminated with metas and radionuclides. Pit 3 and the PCP have the highest

concentrations of contaminants. The MA is an attraction to wildlife for watering and presumably consumption

of minera salts deposited around the lacustrine habitats. A number of animals (e.g., deer, elk, moose, coyote,

bear, and turkey) have been sighted within the MA. In addition, some animals (e.g., marmots and cliff

swallows) have been observed to reside within the MA for more extensive periods of time.

The PIA encompasses areas adjacent or near the MA including upland areas that may have been affected
by the mining activities, two haul roads (East and West Haul Roads) that run through the PIA to the MA, and
downstream drainages that flow into Blue Creek. The upland PIA is largely undisturbed by mining activities
and is dominated by an overstory of either ponderosa pine or a mixture of ponderosa pine and Douglas fir
trees. The two haul roads (East and West Haul Roads) running through the PIA are unpaved roads that were
surfaced with gravel and waste rock originating from the MA. In addition, materia lost from haul trucks along
with dust and runoff from the roads may have affected areas adjacent to the roads.

Runoff from the MA enters seven drainages: Western, Central, Eastern, Northeastern, Northern, Far
Western, and Southwestern Drainages. The Eastern Drainage receives flow from the Northeastern Drainage
and, south of the site, from the Western and Central Drainages before entering Blue Creek. The flow
conditions of these drainages from late fal to spring is essentially based on mine drainage, seasond
precipitation, and snow melt. A seep collection system that operates year round back-pumps the seepages
collected from the Eastern, Central and Western Drainages to At 3 in the MA. From spring to fall, the onsite
water treatment facility (WTF) dewaters Pit 3 and Pit 4 and treats the water for metals removal before
discharging to the Eastern Drainage. Discharge from this WTF, which is regulated under a federal discharge
permit, can contribute greater than 95 percent (%) of the flow to the Eastern Drainage. Higher risks would
be anticipated if the implementation of runoff controls, seep collection, and water treatment were not reducing
the overall loading of site contaminants to AOIs within the PIA.
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This ERA follows the Environmental Protection Agency (EPA) guidance of the Superfund Program (U.S.
EPA 1997) for assessing risk from metal contamination and the United States Department of Energy (U.S.
DOE) guidance (U.S. DOE 2002) for evaluating the risk from total ionizing radiation (TIR) to aquatic,
riparian, and terrestrial biota. This ERA report encompasses a screening level ecological risk assessment
(SLERA) and the baseline ecological risk assessment (BERA).

The SLERA , detailed in Section 2, retained contaminants of potential concern (COPC) for the BERA in
surface water, instream sediments, riparian sediments, and soils based on conservative benchmark (BM)
values and maximum metal concentrations measured at each area of interest (AOI) within the MA and PIA.
Total ionizing radiation (TIR), screened based on the maximum exposures of the mine-related radionuclides,
indicated that: the recommended USDOE dose criterion of 1.0 rad/day was exceeded for the protection of
aguatic animals in the MA and PIA; the recommended USDOE dose criterion of 0.1 rad/day was exceeded
for the protection of riparian animals in the PIA; the recommended USDOE dose criterion of 0.1 rad/day was
exceeded for the protection of terrestrial animals in the MA and PIA; and the recommended USDOE dose
criterion of 1.0 rad/day was exceeded for the protection of terrestrial plants in the MA.

The BERA, presented in Sections 3 to 9, begins with the problem formulation followed by the analysis and
risk characterization phases. The problem formulation identified 22 assessment endpoints encompassing the
aguatic, riparian, and terrestrial ecosystems within the MA and PIA to be characterized for risk from mine-
related metals and radionuclides.

Assessment Endpoint #1: Viability and function of the periphyton community.
Assessment Endpoint #2: Viability and function of the benthic macroinvertebrate community.
Assessment Endpoint #3: Viability and function of the fish community
Assessment Endpoint #4: Viability and function of the terrestrial soil community.
Assessment Endpoint #5: Viability and function of the terrestrial plant community.
Assessment Endpoint #6: Viability and function of the herbivorous mammal community.
Assessment Endpoint #7: Viability and function of the carnivorous mammal community.
Assessment Endpoint #8: Viability and function of the omnivorous mammal community.
Assessment Endpoint #9: Viability and function of the piscivorous mammal community.
Assessment Endpoint #10: Viability and function of the soil invertebrate feeding mammal
community.
Assessment Endpoint #11: Viability and function of the insectivorous avian community.
Assessment Endpoint #12: Viability and function of the omnivorous avian community.
Assessment Endpoint #13: Viahility and function of the soil invertebrate feeding avian community.
Assessment Endpoint #14: Viability and function of the carnivorous avian community
Assessment Endpoint #15: Viability and function of the piscivorous avian community.
Assessment Endpoint #16: Viability and function of the herbivorous avian community
Assessment Endpoint #17: Viability and function of the amphibian community
Assessment Endpoint #18: Viability and function of the wetland plant community
Assessment Endpoint #19: Viability and function of the wetland invertebrate community
Assessment Endpoint #20: Observable Reductions of Survival and Reproductive Capability in
Aquatic Animal Populations Related to Total lonizing Radiation Exposure.
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Assessment Endpoint #21: Observable Reductions of Survival and Reproductive Capability in
Riparian Animal Populations Related to Total lonizing Radiation Exposure.

Assessment Endpoint #22: Observable Reductions of Survival and Productivity and/or Reproductive
Capability in Terrestrial Plant and Anima Populations Related to Total lonizing Radiation
Exposure.

Assessment Endpoints 1, 2, and 3 served to characterize risk of metal contamination to the aguatic
ecosystems in the MA and PIA. Terrestrial ecosystems within the MA and PIA were characterized for risk
based on assessment endpoints 4 through 16. Assessment Endpoints 4 and 5 served to characterize risk to
the soil microorganisms and plant communities while Assessment Endpoints 6 through 16 served to
characterize risk to the mammalian and avian communities. Assessment Endpoints 6 through 16, incorporating
aguatic, riparian, and the terrestrial ecosystems within the project area, were evaluated through the use of
food chain models. Four exposure models were used for each avian and/or mammalian receptor species to
estimate exposure between abiotic exposure (i.e., surface water, sediments, or soils) and total exposure (i.e.,
abiotic exposure plus dietary component).

Three assessment endpoints served to characterize risk to the riparian/ wetland habitats within the PIA.
Assessment Endpoint 17 served to identify risk to the amphibian community and Assessment Endpoints 18
and 19 served to characterize the risk to wetland plant and invertebrate communities. Three assessment
endpoints (20, 21, and 22) were identified for characterizing risk from TIR. Risk to each of these assessment
endpoints followed the same procedures as the SLERA with the exception that the centrd tendency
concentrations of the site-related isotopes were used for calculating TIR exposure instead of the maximum
concentrations. A summary of risk to each of these ecosystems - aquatic, terrestrial, and riparian/wetland -
follows:

Agquatic Ecosystems

Risk was based exclusively on conservative screening-level BM values and maximum concentrations of
metas in surface water and sediments and concluded that the aquatic communities, encompassing the
periphyton, benthic macroinvertebrate, and fish communities, are at risk in the MA and PIA.

The lacustrine habitats within the MA presented a higher number of COPCs exceeding the BM values than
the AOIs within the PIA. In addition, the hazard quotients (HQ) for several of the COPCs, particularly for
aluminum (Al), beryllium (Be), cadmium (Cd), cobat (Co), copper (Cu), lead (Pb), manganese (Mn), nickel
(Ni), slver (Ag), selenium (Se), uranium (U), and zinc (Zn), tended to be one to two orders of magnitude
higher within the AOIs of the MA than the PIA. The PCP and Pit 3 ranked the highest as contaminated
habitats within the MA based on having a higher number of COPCs present and the most elevated HQs.

The drainages within the PIA tended to have a higher number of COPCs than the AOIs within Blue Creek.
The predominant COPCs in the drainages and Middle Blue Creek included Al, barium (Ba), Be, Cd, Co, Cu,
Pb, Mn, Ni, Se, U, and Zn. Upper Blue Creek and Lower Blue Creek had the least number of COPCs
present.
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Risk to the aquatic ecosystems was based primarily on screening level BM values along with some supporting
evidence from site-specific studies conducted in March 2003. Regardless of the poor water quality conditions
(low pH, high sulfate, high hardness) in the lacustrine habitats in the MA, the high metals concentrations in
surface water and sediment pose substantial risk. The PIA drainages are also characterized by poor water
quality; additiondly several drainages flow intermittently or have low-flow conditions that could impact the
aquatic community. However, the wide range and magnitude of COPCs in the PIA drainages pose risk to
the aguatic communities independent of the other factors.

Tearesrid Ecosysems

Modedling risk to the terrestrial ecosystems integrated aguetic, riparian/wetland, andterrestrid systems. The
terrestrial systems incorporated the MA and four AOIs within the PIA induding the Northeast PIA,
Southwest PIA, East Haul Road, and West Haul Road. The aguatic systems incorporated the sediment
and surface water exposures for the aguatic habitats within the MA and PIA while the riparian/wetland
systems incorporated six riparian AOIswithin the PIA.

Teredrid Soil Community

Risk to the terrestrid soil community was based exclusively on surface and subsurface soil concentrations
exceeding conservative BM vaues. Chromium (Cr), Mn, U, vanadium (V), and Zn in surface soils
exceeded the BM vaduesat dl AOIswithin the MA and PIA. Arsenic (As), Co, Cu, molybdenum (Mo),

and Ni also exceeded BM vdues a some locations. Four COPCs - Cd, Pb, Se, and thalium (TI) -
exceeded the BM values only at the MA.

Subsurface soil Cr, Mn, U, and V exceeded BM vaues at dl AOIs in the PIA. Arsenic exceeded its BM
at some locations. Molybdenum and Zn exceeded BM values at only the East Haul Road.

Terrestrial Plant Community

Risk to the terrestrial plant community was based exclusively on surface and subsurface soil concentrations
exceeding screening level BM values for plants. Chromium, Mn, U, V, and Zn exceeded plant BM values at
all of the AOIs within the MA and PIA. Arsenic, Co, Mo, and Ni exceeded the plant BM values at some
locations. Cadmium, Pb, Se, and Tl exceeded the plant BMs only at the MA.

Subsurface soil Cr, U, and V exceeded the plant BM vaues a dl of the AOIs in the PIA. Arsenic, Mn, and
Zn exceeded the plant BM vaues at some locations. Molybdenum exceeded the plant BM only at East Haul
Road.

Herbivorous Mamma Community

Three receptors - white talled deer, meadow vole, and muskrat - were used for modeling dietary exposure

risk to the herbivorous mammal communities utilizing the terrestrial, aguatic, and riparian areas at this site.
When white-tailed deer was modeled, risk was driven by surface water and incidental soil ingestion. When
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meadow voles or muskrat were modeled, risk was driven by metals in plant tissue. There was model-
calculated risk to the herbivorous mammal communities from abiotic exposure to Se, U, and V in the MA,;
U in the West Haul Road and the Central Drainage; and U in the Central Drainage riparian area. There was
model-cal culated risk to the herbivorous mammal communities from total exposure to Mn and U at each AQI
within the MA and PIA.

There was model-calculated possible risk to the herbivorous mammals for most of the remaining COPCs
within the MA and PIA, primarily driven by the dietary component.

Carnivorous Mamma Community

The coyote and bobcat were used for modeling dietary exposure risk to the carnivorous mammal communities
utilizing the terrestrial areas within the MA and PIA at this site. Risk was driven by the dietary component
which was based on maximum literature-derived bioaccumulation factor (BAF) values for small mammals.
There was model-calculated risk to the carnivorous mammals from total exposure to Cd, Mo, Se, U, and Zn
in the MA and from exposure to Cd and U in the East and West Haul Roads.

Possible risk to carnivorous mammals may exist from abiotic exposureto Se, U, and V in the MA and U in
the West Haul Road. Risk may also exist to the carnivorous mammals from total exposure to Pb and V in the
MA, and from exposure to Cd, Se, Mo, U, and Zn within the PIA depending on location.

Omnivorous Mammal Community

The deer mouse and raccoon were used for modeling risk to the omnivorous mammal communities utilizing
the terrestrial and aquatic areas within the MA and PIA at this site. When the deer mouse was modeled for
the terrestrial areas, risk to the omnivorous mammal community was driven by the metals concentrations in
soil and surface water including As, Mn, Mo, Se, and V in the MA; As, U, and V in the Haul Roads; and V
in the Northeast PIA and Southwest PIA.

When the raccoon was modeled for the aguatic areas, risk to the omnivorous mammal community was
primarily driven by abiotic exposure of U in the MA and by total exposure of Mn and U at severa AOIls
within the PIA.

Risk to the omnivorous mammal community may exist from V in the MA and from Ba, Cd, Se, and V at the
AOIls within the PIA.

Piscivorous Mamma Community

The mink was used for modeling dietary exposure risk to the piscivorous mammal communities utilizing the
aquatic systems within the MA and PIA. Risk was primarily driven by the dietary component which was
based on maximum literature-derived BAF for fish. Risk to the piscivorous community in the MA was driven
by predicted Cd, Ni, and U in fish particularly at Pit 3, PCP, and the Blood Poal. In the PIA the piscivorous
mammal community was at risk from predicted Cd, Ni, and U in fish at the Central Drainage and U in fish
at the Upper Eastern Drainage. Risk to the piscivorous mammal community was also driven by abiotic
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exposure of U at the PCP in the MA and at the Central Drainage in the PIA. Risk from total exposure to U
may exist at upper, middle and lower Blue Creek AQls.

Soil Invertebrate Feeding Mammal Community

The masked shrew was used for modeling risk to the soil invertebrate feeding mammal communities utilizing
the terrestrial systems within the MA and PIA. Model-calculated risk to the soil invertebrate feeding mammal
community was determined from abiotic exposure to As, Mn, Mo, Se, U, and V in the MA; and to As, U, and
V in the East Haul Roads; U and V in the West Haul Road; and to V at the Northeast PIA and Southwest
PIA. When the dietary component incorporating the maximum BAF values for earthworms was applied in
the modeling, risk was predicted from most of the COPCs.

Insectivorous Avian Community

The cliff swallow was used for modeling dietary exposure risk to theinsectivorous avian communities utilizing
the terrestrial systems within the MA and PIA. Abiotic exposure of soil and surface water did not pose risk
to the insectivorous avian community. There was model-calculated risk to insectivorous birds from total
exposure to Cu at the AOIs within the MA and PIA. Risk from exposure of Cd, Cr, Pb, and Zn in the
dietary component may exist within the MA and each of the AOIs within the PIA, plus Se may impose risk
within the MA.

Omnivorous Avian Community

The song sparrow and mallard duck were used for modeling dietary exposure risk to the omnivorous avian
communities utilizing the terrestrial and aguatic areas within the MA and PIA. When the song sparrow was
modeled for the terrestrial areas, risk to the omnivorous avian community was predicted for Se in the MA.
When the mallard was modeled for the aguatic areas, risk to the omnivorous avian community was predicted
from Cu at the PCP within the MA and from Se in the Lower Eastern Drainage.

Risk to the omnivorous avian community at the terrestrial systems may exist from abiotic exposure of Cr in
the MA and from total exposure of Zn at all terrestrial AOIs in the MA and PIA when the song sparrow was
used for the modeling. Risk to omnivorous hirds for the aguatic systems may exist from As, Cd, Ni, U and
Zn, primarily at the PCP within the MA and As, Cd, Mn, Se, U, and Zn at various AOIs within the PIA.

Soil Invertebrate Feeding Avian Community

The American robin and the Wilson’s snipe were used for modeling dietary exposure risk to the soil
invertebrate feeding avian communities utilizing the terrestrial, aguatic, and riparian areas at this site. When
the American robin was modeled for the terrestrial areas, risk from abiotic exposure to the soil invertebrate
feeding avian community was determined for Se in the MA. When the dietary component using maximum
earthworm BAF values for the American robin was applied, risk to the soil invertebrate feeding birds was
driven by predicted COPC concentrations for As, Cd, Cr, Cu, Pb, Se, and Zn in the MA and PIA.
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When the Wilson's snipe for the aquatic and riparian areas, risk from abiotic exposure to the soil invertebrate
feeding avian community was determined for Cu and Ni in the PCP within the MA and Se at the Lower
Eastern Drainage within the PIA. When the dietary component using the site-specific aguatic invertebrate
tissue for the Wilson's snipe was applied, risk to the soil invertebrate feeding birds was driven by Cd and Se
in the Lower Eastern Drainage and Se in the Upper Eastern Drainage.

Risk to the soil invertebrate avian community at the terrestrial systems may exist from total exposure of Mo
and Tl in the MA when the American robin was used for the modeling. Risk to soil invertebrate feeding birds
for the aquatic and riparian systems may exist from As, Cd, U, and Zn at some of the AOIs within the MA
and PIA

Carnivorous Avian Community

The great horned owl and the American kestrel were used for modeling dietary exposure risk to the
carnivorous avian communities utilizing the terrestrial systems within the MA and PIA. When either species
was modeled, risk from abiotic exposure to carnivorous birds was determined from Se in the MA. There was
model calculated risk to carnivorous birds from total exposure to Cd, Cr, Pb, Se, and Zn in the MA and Cd
in the Northeast PIA, East Haul Road, and West Haul Road. The predicted risk to the carnivorous birds was
driven by estimated COPC concentrations defined by the maximum BAF values in small mammals.

Risk to the carnivorous avian community may exist within the MA from abiotic exposure to As, Cr, Pb, and
Zn, and from total exposure to As, Cd, Pb, Se, and Zn. Risk to the carnivorous avian community may exist
from total exposure to Cd, Cr, Pb, and Zn at the AOIs within the PIA.

Piscivorous Avian Community

The great blue heron and the bad eagle were used for modeling risk to the piscivorous avian communities
utilizing the aguatic systems within the MA and PIA. (Note: a limited database on fish BAFs restricted the
modding to three COPCs - Cd, Ni, and U for the total exposure). Risk to piscivorous birds may exist from
exposure to U in the MA. No risk to piscivorous birds were indicated within the PIA.

Herbivorous Avian Community
The spruce grouse and the song sparrow were used for modeling risk to the herbivorous avian communities
utilizing the terrestrial systems within the MA and PIA. Abictic exposure of Se in the MA imposes risk to the

herbivorous avian community. Possible risk to herbivorous birds may exist from exposure to Cr, Pb, or Znin
the MA and from Zn at al terrestrial AOIsin the PIA.

Riparian / Wetland Ecosystems

The riparian and wetland habitats have been grouped together for the ecological characterization of this
project area. The riparian and /or wetland habitats in the PIA include the banks and the low lying areas
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bordering the Eastern, Central, and Western Drainages, and Blue Creek. No natural riparian/ wetland habitats
were identified in the MA.

Amphibian Community

Risk to the amphibian community was based on COPCs for which toxicity reference values (TRV) were
available. Measured concentrations of metals in surface water and sediments were compared to the
amphibian TRVs.

Copper and Zn in surface water posed a risk to amphibians at al of the AOIs. Risk from Al and Cd may exist
a dl of the AOI in the MA and PIA. Chromium and Pb did not pose a risk to amphibians at any of the
AOQIs. Exposure to Cd and Zn in sediments posed risk to the amphibians at all of the AQIs.

Wetland Plant Community

Risk to the wetland plant community from the site-related contaminants exists within the PIA. Contaminant
levels in the sediments were above the literature-based BM vaues for terrestrial plants. Chromium, Mn, Ni,
U, and V exceeded plant BM values a al AOIls. Arsenic, Ba, Cd, Co, Se, and Zn exceeded plant BM values
at some locations. Two COPCs exceeded the BM vaues at only one location: Cu, in Pt 3; and Tl, in Rt 4.

Wetland Invertebrates

Risk to the wetland invertebrates from site-related contaminants exists within the PIA. Contaminant levels
in the sediments were above the conservative BM values for sediments. Measured concentrations of Sb, Mn,
Ni, Se, and U exceeded sediment invertebrate BM values at dl AOIs in the MA and PIA. Arsenic, Ba, Be,
Cd, Co, and Zn exceeded sediment invertebrate BM at some locations. Two COPCs exceeded the sediment
BM at only one location: Cu, in Pit 3; and Ag, in the Upper East Drainage.

Tota lonizing Radiation

Risk from TIR was evaluated following U.S. DOE (2002) guidance to aquatic biota, riparian animals,
terrestrial animals and plants. Modding for TIR within the BERA was based on central tendency
concentrations providing the following assessments:

Aquatic Anima Populations

The TIR exposure to aquatic systems was calculated using the sum-of-the-fractions approach based on
central tendency concentrations of the site-specific isotopes in instream sediments plus surface water. At 3,
Pit 4, the PCP, and the Blood Pool exceeded the TIR criterion of 1 rad/day for the protection of aquatic
animals. Surface water TIR exposures drive the risk with elevated TIR at each of these AOIs. Only the
Ouitfal Pond had TIR of less than 1 rad/day.
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The Centrd and Northeastern Drainages exceeded 1 rad/day. Surface water TIR drives the risk with
elevated TIR at these two AOIs. The Western, Upper Eastern, and Lower Eastern Drainages, Upper Blue
Creek, Middle Blue Creek, Lower Blue Creek, and Franklin D. Roosevelt (FDR) Lake, had TIR less than
1 rad/day, indicating no TIR risk to aguatic animals.

Riparian Anima Populations

The TIR exposure to riparian systems was calculated using the sum-of-the-fractions approach based on
central tendency concentraions of the site-specific isotopes in riparian sediments plus surface water. Only
the Central Drainage exceeded the TIR criteria of 0.1 rad/day for the protection of riparian animals.

Terrestrial Plant and Animal Populations

All AQIs in the MA and PIA had TIR exposures of less than 0.1 rad/day for terrestrial animals and less than
1.0 rad/day for terrestrial plantsindicating no TIR risk to terrestrial plant and animal populations.

Overdl Risk Summary

This ERA was conducted following Superfund guidance (EPA 1997) utilizing a systematic approach for
selecting hazard and exposure parameters. The intent of this systematic process was to reduce the likelihood
that risks would be underestimated, but ill provide a level of understanding to alow informed management
decisions. For this ERA, total exposure for estimating risk of the metals and radionuclides in the surface
water, sediments and soils for each assessment endpoint was inclusive of natural background levels and was
not subtracted from the total measured concentrations of the environmental media. Subsequently, naturally
occurring levels of some of the metds and radionuclides were calculated to predict risk using this
methodol ogy.

The Midnite Mine site is an inactive uranium mineral mine, in a mineral-rich area and so high concentrations
of metals and radionuclides were expected in dl excavated areas (MA), all areas covered with waste rock
(Haul Roads), and dl areas within the direct influence of surface water or groundwater runoff (PIA
drainages). Risk to the three ecosystems - aguatic, riparian/wetland, and terrestrial - within the MA and PIA
are summarized as follows:

Aguatic Ecosystems

-High number of COPCs were identified within the aguatic habitats of the MA and the potentially impacted
area (PIA).While none of the COPCs could be diminated, those mine-related COPCs which were more
pervasive, and of higher magnitude stand out (U, Al, Be, Cd, Co, Cu, Mn, Ni, Pb, Se, Ag, and Zn).

- Lacustrine habitats within the MA posed the greatest risk to aquatic communities based on the magnitude
of the HQs, particularly at Pit 3, PCP, and Blood Pooal. In addition, the poor water quality conditions (e.g., low
pH, high sulfate, and high conductivity) would further impose significant risk to support aguatic lifein these
habitats.
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- The utilization of the lacustrine habitats within the MA poses risk to wildlife (e.g., elk, deer, etc.) for
watering and the consumption of mineral salts around the perimeter of these habitats and should be considered
attractive nuisances to wildlife.

- The drainages within the PIA pose risk to the viability and function of aquatic communities based on in-place
contamination of metals. In addition, the intermittent and/or low flow conditions along with the poor water
qudity conditions (e.g. low pH, high sulfate, and high conductivity) would further pose significant risk to
support aguetic life within the drainages. The drainages continue to be a conduit for the transport of
contaminants from the MA to Blue Creek.

- The onsite WTF, which operates from Spring to Fall, serves to significantly reduce the transport of
contaminants from the MA to the drainages and Blue Creek. When the WTF is not operating from Fall to
Winter, higher concentrations of contaminants from the MA are observed flowing to the drainages and Blue
Creek.

- Blue Creek below the confluence of the Eastern Drainage is at risk from the mine drainage. There is a level
of uncertainty on the causative agents imposing risk to the aquatic communities in Blue Creek including
contamination of metals and TIR, as well as risk associated with reduced water quality conditions (e.g., high
sulfate, high hardness, high conductivity).

- Risk to aguatic animal populations associated with TIR were found in the lacustrine habitat within the MA
and in the Central and Northeastern Drainages based on exposure defined by central tendency
concentrations.

Terrestrial Ecosystems

- The MA, characterized as a physically disturbed area, provides limited and poor quality habitat for wildlife.
Some species of wildlife (e.g., marmot, cliff swallow) that have been reported to inhabit the MA are at risk.
Wildlife that would utilize the MA for water, grazing, or sdt consumption are at risk. The East and West Haul
Roads which were constructed and paved with gravel and waste rock from the MA presents a significant
source of contamination within the PIA

- Model calculated risk to the mammalian communities based on conservative food chain modeling was
determined for herbivorous mammals, carnivorous mammals, omnivorous mammals, piscivorous mammals,
and soil invertebrate feeding mammals. In general, the greatest predicted risk to the mammalian communities,
particularly the herbivorous mammals, carnivorous mammals, omnivorous mammals, and soil invertebrate
feeding mammals was determined within the MA. A higher number of COPCs was predicted to pose risk
to these mammalian communities within the MA than at AOIs within the PIA.

For the AOIs within the PIA, asimilar number of COPCs was predicted to pose risk between the Northeast
and Southwest PIAs and the East and West Haul Roads to herbivorous mammals based on abiotic exposure,
to the carnivorous mammals based on total exposure (i.e., dietary component plus abiotic exposure) , to
omnivorous mammals based on abiotic and total exposures, and to soil invertebrate feeding mammals based
on abiotic exposure. Numerous COPCs were predicted to impose risk within both the MA and PIA when
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total exposure was modeled for the herbivorous mammal and soil invertebrate feeding mammal communities.
For the herbivorous mammals, risk was driven by plant tissue. For the soil invertebrate feeding mammals, risk
was driven by the earthworm BAF.

Risk to the piscivorous mammal community was limited to abiotic exposure of one COPC (U) within the MA
and from abiotic exposure of one COPC (Mn) at Middle Blue Creek. When fish BAF values were applied
to the models, a higher number of COPCs were predicted to pose risk at the AOIs within the MA than the
PA.

- Mode calculated risk to the avian communities based on conservative food chain modeling was determined
for insectivorous birds, omnivorous birds, soil invertebrate feeding birds, carnivorous birds, piscivorous birds,
and herbivorous birds. In comparison to the mammalian communities, the avian communities had fewer
number of COPCs that were predicted to pose risk within the MA and PIA. The greatest predicted risk to
some of the avian communities, particularly the omnivorous birds, the soil invertebrate feeding birds, and
herbivorous mammals was determined within the MA. A higher number of COPCs was predicted to pose
risk to these avian communities within the MA than at AOIs within the PIA.

For omnivorous and herbivorous birds, four COPCs were predicted to pose risk within the MA and one
COPC within the PIA. For both the soil invertebrate feeding birds and carnivorous birds, only one COPC (Se)
was predicted to impose risk from abiotic exposure within the MA while a higher number of COPCs was
predicted to pose risk from total exposure, driven either by the earthworm BAF values for the soil invertebrate
feeding birds or the smal mamma BAF vaues for the carnivorous birds. For the insectivorous avian
community no risk was determined based on abiotic exposure. When total exposure was modeled for the
insectivorous birds, five COPCs were predicted to be at risk within the MA and the AQIs of the PIA. Risk
to the piscivorous avian community was limited to abiotic exposure of one COPC (U) at Pit 3 and the PCP
within the MA. No other risk was predicted within the MA and PIA to the piscivorous birds.

- Risk to the soil microorganisms and terrestrial plant communities was the greatest within the MA having
the highest number of COPCs present and the highest magnitude of HQs. Within the PIA, the East and West
Haul Roads had a higher number of COPCs than the Northeast PIA and the Southwest PIA for both the
ERA of the soil microorganisms and the terrestrial plant communities.

- An evauation of risk to threatened and endangered (T&E) species was and/or can be largely accomplished
indirectly within this ERA. Although determination of “injury” to T& E species is not within the jurisdiction
of the EPA, it is recognized that T&E species are part of the environment to be evaluated with a BERA.
Subsequently, risk to present or potentiad T&E species can be indirectly determined or implied within the
selections of the species models and input parameters for assessment endpoints that would be appropriate
to the T&E species. For example, in this ERA, the bald eagle was used as a receptor for assessing risk to
piscivorous hirds. Likewise, if wolves were to move back into the project area, the coyote, which was one
of the receptors used for carnivorous mammal community, could be aligned with the wolf as a surrogate
species for characterizing risk to carnivorous mammals.

- No risk to terrestrial plant and animal populations associated with TIR were found in the MA or PIA based
on exposure defined by central tendency concentrations. There is uncertainty associated with the animal
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exposure screening, because one potentialy significant contributor to exposure to some wildlife that was not
included in this study was the minera salt deposits found around the perimeter of water bodies in the MA.

Riparian/Wetland Ecosystems

- The gx riparian/ wetland AOIls within the PIA pose risk to the amphibian, wetland plant and invertebrate
communities based on the high number of COPCs present. The drainages including Central, Upper Eastern,
and Lower Eastern Drainages along with Middle Blue Creek tended to have ten or more COPCs present.
Upper Blue Creek and Lower Blue Creek had the fewest COPCs present.

- Risk to riparian anima populations associated with TIR were only found in the Central Drainage based on
exposure defined by central tendency concentrations.

In summation, the MA is characterized by a higher level of predicted risk to most of the assessment endpoints
based on an increased number of COPCs along with HQs that tended to be at higher magnitude than within
the PIA. The PIA areas adjacent to the MA and the downstream areas within the PIA tended to be
characterized with lower number of COPCs and with HQs at lower magnitide than within the MA. While the
MA is a physicaly disturbed area with limited and poor quality habitat for wildlife, there is evidence of
utilization by wildlife. In addition, the lacustrine habitats within the MA appears to present attractive nuisances
to wildlife. The East and West Haul Roads, constructed and paved with gravel and waste rock from the MA,
present a significant source of contamination within the PIA. Further dispersion of contaminants from these
haul roads to adjacent areas is anticipated from these roads.

Within the aguatic systems there is a genera trend of fewer COPCs in a downstream direction from the MA
to the PIA. The onsite WTF and the seep collection system serve to significantly reduce the metal loading
from the MA to the drainages and Blue Creek. Higher loading of contaminants to these aquatic systems
would occur in the absence of seep collection and water treatment. Blue Creek below the confluence of the
Eastern Drainage is at risk from the mine drainage.

Section 10 of this document initiates the risk management process that serves to identify contaminants in
surface water, sediments, and soil which contribute the most risk, identified as the risk drivers, and develops
preliminary remediation goals (PRGs) for these contaminants that would provide ecological protection. Risk-
based PRGs were derived based on the most sensitive assessment endpoint defined within the BERA. The
risk-based PRGs were then compared to ecological derived Applicable or Relevant and Appropriate
Requirements (ARARS) and to background conditions. In some cases, the risk-based PRGs are lower than
ARAR’s, because the risk-based PRGs are based on conservative assumptions. In cases where an ARAR
based PRG or arisk based PRG would be less than background, EPA relies upon background to establish
the PRG.
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1.0 INTRODUCTION

The purpose of this work assignment (WA) was to generate an Ecological Risk Assessment (ERA) for the
aguatic, riparian/wetland, and terrestrial components of the Midnite Mine Site utilizing a database of anaytical
data (e.g., soils, surface water, instream and riparian sediments, and biota). This WA includes the generation
of site-specific aquatic studies.

The study presented in this document reflects modifications of the Aquatic Ecologica Risk Screening for the
Midnite Mine Remedia Investigation/Feasibility Study (RI/FS) (URS 2001a) and the Terrestrial Ecological
Risk Assessment Approach for Midnite Mine RI/FS (URS 2001b) by the URS Corporation (URS 2000a).
Modifications of this ERA further evolved from interactions with the Biological Technical Assistance Group
(BTAG) for the Midnite Mine site.  Appendix A presents the responses to three memoranda from the
Spokane Tribe of Indians (STI) and the United States Fish and Wildlife Service (U.S. FWS) related to various
issues on the conduct of this ERA.

This document presents the screening level ecological risk assessment (SLERA) and the baseline ecological
risk assessment (BERA) encompassing Steps 1 through 7 of the eight-step United States Environmental
Protection Agency (EPA) ERA guidance for Superfund (U.S. EPA 1997).

11 Site Setting and Description

Midnite Mine is an inactive open pit uranium mine located on the Spokane Indian Reservation in
Stevens County, Washington. Wellpinit, the nearest town, is approximately eight miles southeast of
the site. Mining activities, conducted by Dawn Mining Company (DMC) between 1955 and 1981,
resulted in releases of radionuclides and other metals from the mining of ore. No milling or processing
of the uranium occurred at this site. The Midnite Mine Superfund Site was added to the National
Priorities List (NPL) in May 2000.

The Midnite Mine Superfund Site (Figures 1 and 2) is situated on the south-facing slope of Spokane
Mountain at eevations ranging from approximately 2,400 to 3,400 feet above sea level. The site is
within the watershed of Blue Creek, which flows into Franklin D. Roosevelt (FDR)Lake about three
miles downstream of the site (URS 2002).

Over the course of mining operations, an area approximately 0.5 miles wide by one mile long was
developed. During mining, several pits and subpits were excavated. Overburden and waste rock were
used to backfill some of the pits and altered the surface terrain, filling portions of the natura
drainages in the area and creating severa large piles (URS 2002).

The site area has been defined as the Mined Area (MA) and the Potentially Impacted Area (PIA).
The MA is the approximately 343-acre area where the ground surface has been visbly disturbed by
mining operations. The PIA includes areas near the MA, including downstream drainages and
downwind areas that may have been affected by mining activities. Two haul roads in the PIA that
lead up to the MA were constructed with protore from the mine. Distinguishing between the MA
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and PIA ads in clarifying the different habitats and their uses along with the associated exposures
and exposure point concentrations.

1.1.1 Mined Area

Features of the MA are shown on Figures 2 and 3. Two large mining pits (Pit 3 and Pit 4)
remain open and are partialy filled with water. Approximately 2.5 million tons of
ore/protore, and 33 million tons of waste rock are estimated to remain on site (SM1 1999a;
USEPA 1998). Waste rock from mining activities covers an extensive area, and discrete
waste rock, ore and protore stockpiles are distributed across the MA. Two backfilled pits
are present west of At 3. Other features include buildings associated with past mining,
facilities associated with an active water management system, and a network of roads in the
MA (URS 2002).

Discrete waste rock piles include the South Spoils, Hillside Dump, and Area 5 (Figure 3).
To minimize erosion, DMC placed an eight-inch soil cover on the South Spoils and seeded
it in 1980. Water management facilities include a surface impoundment for collection of
seep water (Pollution Control Pond [PCP]), a system of seep collection sumps and weirs,
several buildings containing pump equipment and holding tanks for collected seep water, and
a water treatment facility (WTF) which discharges treated pit water and seep water. This
outfall is permitted via a National Pollutant Discharge Elimination System (NPDES) permit
to the Eastern Drainage (URS 2002).

A small pond called the Blood Pool is located east of the water treatment plant (Figure 3).
The pond is fed by seeps and is dry much of the year, but when filled can reach
approximately three feet deep. Overflow from the Blood Pool drains into a ditch and is
partially collected in a sump located downhill of the pool. This water is periodically pumped
to Pit 3. Sampling conducted by U.S. EPA Region X (1998) and Shepherd Miller, Inc. (SMI)
in 1998 and 1999 (SMI 19994) indicate that the water contains elevated concentrations of
radionuclides. Water levels in the open pits vary seasonally. Pit 3 contains water from
precipitation, groundwater flow, water pumped from the seep collection points, and water
pumped from the backfilled pits. Pit 4 receives water from precipitation and groundwater
(URS 2002).

Following cessation of mining, the water level in Pit 3 rose steadily, necessitating the
construction of a water treatment system. Evaporation and the seasonal operation of the
WTF since 1992 have lowered water levels in both pits. Surface water controls at the site
include diversion ditches and drains that transport water away from the open pits and some
waste rock areas. However, most surface water in the MA infiltrates the underlying
unconsolidated material and becomes groundwater (URS 2002).

Groundwater flows through unconsolidated materials and bedrock in the MA, generaly
traveling from north to south following the topography and converging toward surface water
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drainage pathways. Unconsolidated materials consist of aluvium, waste rock, and
ore/protore stockpiles. Within the bedrock, groundwater flow is through discrete fractures,
joints, and faults. Recharge to the shallow groundwater system in the MA occurs from
infiltration of precipitation (including snow). The magjority of the groundwater moves through
the waste rock and alluvium and flows across the surface of the bedrock. During its passage
through the different types of rock, water may react with minerals in the rock that contribute
radionuclides, metals, and major ions such as sulfate (SO,) to the groundwater. Much of this
shallow groundwater discharges at the three major seep areas at the toe of the South Spoils
waste rock pile. Shallow groundwater that does not emerge at the seeps and all of the
groundwater in the deeper bedrock system continues to flow southward into the PIA (URS
2002).

The physicaly disturbed upland areas of the MA provide limited and poor quality habitat for
wildlife whereas the PIA and surrounding areas are largely undeveloped forest land used
by diverse wildlife. The MA presents an attraction to wildlife for watering and consuming
the salts deposited around the perimeter of the lacustrine habitats. Field observations have
witnessed dk and deer at Pit 3. In addition, the MA offers habitat that attracts certain types
of wildlife including marmots and cliff swallows.

Small areas of coniferous forest remain on apparently undisturbed ground in the MA.
Predominant plant species vary in upland areas, but include grasses, clovers, knapweed,
arrowleaf, balsamroot, common snowberry, and ponderosa pine. Other species identified by
SMI (1999b) as major plant species for upland areas include Douglas fir, Macoun rose,
autumn willowherb, 1daho fescue, Prush deervetch, groundsel, and mullein (URS 2000).

1.1.2 Potentialy Impacted Area

The PIA includes those areas affected by aerial deposition of materials from the MA;
surface water, sediments, and riparian areas in drainages that may be affected by seeps,
runoff or groundwater flow from the MA; and potentidly affected groundwater outside the
MA (Figure 1 and 2). The PIA is grouped into subareas designated as Upland PIA
(Northeast and Southwest), Haul Roads, Drainages, and Blue Creek.

1.1.2.1 Upland

The Upland PIA is largdy undisturbed by mining activities and is dominated by an
overstory of either ponderosa pine or a mixture of ponderosa pine and Douglas fir.
A variety of sub-habitat types also occur in the Upland PIA, including grassand,
open, and steep sub-habitats. Factors such as aspect, slope, elevation, and soil
characteristics influence the distribution and diversity of the upland areas. Steep
habitat occurs on the west bank of the middle and lower portions of Blue Creek and
open habitat is found on the western bank of the lower portion of Blue Creek (URS
2000).
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Haul Roads

Several unpaved roads run through the PIA. The roads are surfaced with gravel
believed to originate from the protore stockpile located near the waste treatment
plant. These haul roads may be impacted as a result of the materials used in their
construction. In addition, materials lost from haul trucks and dust or runoff from the
roads may have affected areas adjacent to the roads (URS 2000).

The East and West Haul Roads link the MA to the paved Ford-Wellpinit Road
(Figure 2). The East Haul Road was the main haul road to the Dawn Mill in Ford,
Washington during the later stages of mining. It is currently used to haul sludge from
the WTF to the Ford Mill twice daly when the system is operating. The West Haul
Road was used during early mining operations and is currently used for access to
the site area by DMC workers. Three pump house access roads extend from the
PCP to the Western and Central drainage seep pump houses. These roads were
never used for hauling and are currently used mostly for access to the pump houses
(URS 2000).

Drainages

Runoff from the MA enters seven drainages. Western Drainage, Central Drainage,
Eastern Drainage, Northeastern Drainage, Northern Drainage, Far West Drainage,
and Southwestern Drainage (Figure 2). The Eastern Drainage receives flow from
the Northeastern Drainage and, south of the site, from the Western and Central
Drainages before entering Blue Creek. All the other PIA drainages also flow into
Blue Creek except the Far Western Drainage, which flows westward.

Along its route, Blue Creek receives water from a number of other tributary
drainages. The Western Drainage, Central Drainage, and Eastern Drainage are
likdy pathways for contaminant exposure. These drainages once originated in the
MA, but the upper portions are now buried under waste rock. The remaining
portions are south of the MA, downgradient from seeps emerging from MA waste
rock piles. In addition, groundwater flowing from the MA seasonally enters gaining
reaches of these drainages. The Northern and Far West Drainages receive runoff
from relatively small areas of the MA and receive flow from areas outside the PIA
and MA.

Vegetation in the drainages is relatively dense, particularly in drainages with
continuous flow. Cover types range from riparian vegetation in moister areas to
Ponderosa pine and pine/fir.  Aquatic vegetation varies depending on stream
characteristics, and ranges from adgae and mosses to sedges and cattails (URS
2000).

Blue Creek
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Blue Creek originates at Turtle Lake and flows southwest approximately 6.7 miles
to the Spokane Arm of FDR Lake, approximately 3 miles from the East Drainage
confluence (Figures 1 and 2). Blue Creek drainage has a surface area of 19.6
square miles. Streambed elevation ranges from 748 meters (m) at Turtle Lake to
393 m at the Spokane Arm, yielding an average drop in elevation of 33 meters per
kilometer (m/km). Oyachen Creek converges with Blue Creek approximately 1.5
miles downstream of the confluence of Blue Creek and the Eastern Drainage.
Oyachen Creek often dries up during summer and early fall depending on seasonal
precipitation. During low flow periods Blue Creek flows below the ground between
Oyachen Creek and FDR Lake. During these low flow periods it is unknown
whether there is sufficient water to cover the bottom substrate of the streambed and
the water is flowing undetected through the hyporheic zone, or if there is a portion
of the stream discharge that actudly flows underground from Oyachen Creek to the
Spokane Arm (URS 2000; Doughtie et al. 1993).

Overview of Ecologica Risk Assessment Process

Ecological Risk Assessments are used to evaluate the likelihood of adverse ecological effects
occurring as a result of exposure to environmenta stressors (defined as any physical, chemical, or
biological entities that can induce adverse responses at a site). The goal of the ERA is to provide
information that will assist risk managers to make informed decisions regarding releases of hazardous
substances. The specific objectives of the process are: (1) to identify and characterize the current
and potential threats to natural resources from a hazardous substance release; and (2) to identify
cleanup levels that would protect those natural resources.

An ERA evaluates the potential adverse effects of human activities on the organisms that make up
ecosystems. ERAs involve developing exposure profiles to identify ecological receptors (tissues,
organisms, populations, general trophic levels, communities, or ecosystems), habitats, and pathways
of exposure. The ERA process can be used to identify vulnerable and valued resources, prioritize
data collection activities, and link human activities to their potential effects. ERASs aso provide a
basis for comparing different management options, enabling better informed decisions about the
management of ecological resources.

The ERA framework consists of three phases. problem formulation, anaysis, and risk
characterization (USEPA 1998b). Problem formulation involves identifying goals and assessment
endpoints, preparing a conceptual model, and developing an analysis plan. An assessment endpoint
is a species, ecological resource, or habitat type that is to be protected, and which is used to guide
the development of the study design at the site. The conceptual model describes the ecosystem or
ecosystem components at risk, presents a series of working hypotheses about how exposure to
contaminants might affect the ecological components of an environment, and details the relationships
between measures of effects (changes in attributes of assessment endpoints as a response to the
stressors to which they are exposed) and exposure scenarios. The analysis plan specifies the data
required to evaluate impacts to the assessment endpoints and the methods that will be used to analyze
the data.
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The analysis phase involves the creation of life-history and toxicity profiles for estimating and
characterizing the exposure of ecological receptors to stressors, and establishing the relationships
between stressor levels and ecological effects. Risk characterization is the process of estimating risk
through the integration of exposure and stressor-response profiles, and providing the information
necessary for interpreting risk estimates. The risk manager can then integrate the risk assessment
results with other considerations (e.g., background levels of contamination, available cleanup
technologies, and costs of aternative actions and remedy selections) to make and justify risk
management decisions.

The ERA guidance of the Superfund Program (USEPA 1997) is formatted to follow an eight-step
process consistent with Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) guiddines (USEPA 1998b) and is summarized, as follows:

Step 1: Screening Level Problem Formulation and Ecological Effects Evaluation

Includes developing descriptions of: the environmental setting (habitat types, observed species,
species likdy to be present based on habitat types documented, and threatened, rare, and endangered
species); contaminants known or suspected to exist at the site and the maximum concentrations
present in each medium; contaminant fate and transport mechanisms that might exist; mechanisms
of ecotoxicity associated with contaminants and categories of receptors that may be affected;
complete exposure pathways that might exist; and screening ecotoxicity values equivaent to chronic
No Observable Adverse Effects Levels (NOAELS) based on conservative assumptions.

Step 2: Screening Level Preliminary Exposure Estimate and Risk Calculations

Involves estimating risk by comparing maximum documented exposure concentrations with the
ecotoxicity screening values developed in Step 1. Based on the outcome, the risk manager will
decide either that the SLERA is adeguate to determine that ecological threats are negligible, or that
the process should continue to the more detailed BERA outlined in steps 3 through 7 below.

Step 3: Basdline Risk Assessment Problem Formulation

The results of the screening assessment are used in conjunction with site-specific information to
determine the scope and gods of the BERA. This step involves the selection of assessment
endpoints, refining the list of contaminants of concern, the characterization of ecological effects of
contaminants, and information about exposure pathways and contaminant fate and transport. A
conceptual model, which includes working hypotheses and risk questions that will be addressed in the
investigation, is initiated.

Step 4: Study Design and Data Quality Objective Process
The conceptual model initiated in Step 3 is completed by developing measurable attributes that will

be employed to quantify and predict change of the assessment endpoints and the conceptual model.
The conceptual model is then used to develop the study design and data quality objectives, which are
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presented in the Work Plan (WP) and Sampling and Anadysis Plan (SAP). The WP documents the
decisions and evauations made during problem formulation and identifies additional research tasks
needed to fully evaluate the risks to ecological resources. The SAP provides a detailed description
of sampling and data-gathering procedures, as well as a description of the steps required to achieve
the study objectives.

Step 5: Verification of Field Sampling Design

The hypotheses, sampling plan, exposure pathways, and measurement endpoints are evaluated to
verify that the SAP is appropriate for the site.

Step 6: Site Investigation and Data Analysis

Information collected from the site is used to characterize exposures and ecological effects. Both
the site investigation and data analysis should be conducted according to the WP and SAP developed
in Step 4.

Step 7: Risk Characterization

Risk characterization integrates the data on exposure and effects, which includes risk estimation
(integrating exposure profiles with the exposure-effects information and summarizing the associated
uncertainties) and risk description (providing information needed to interpret the risk results and
identifying a threshold for adverse effects on the assessment endpoints).

Step 8: Risk Management
Risk management follows the completion of the ERA process. The risk manager integrates the ERA
results with other considerations (including background levels of contamination, available cleanup

technologies, and costs of dternative actions and remedy selections) to make and justify risk
management decisions.
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2.0

2.1

SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT
Overview of Screening Level Ecological Risk Assessment Process

The SLERA process presented in this section incorporates Steps 1 and 2 of the ERA guidance of
the Superfund Program (EPA 1997) and the general screening guidance of the United States
Department of Energy (U.S. DOE) for evaluating total ionizing radiation exposures (TIR) to aquatic,
riparian, and terrestrial biota (U.S. DOE 2002). This SLERA assesses the risk of metals and
radionuclides that may be associated with the mining operations in the Midnite Mine Site to aquatic,
riparian, and terrestrial ecosystems.

Step 1 of the ERA guidance includes the screening level problem formulation process and the
ecological effects evauation. The problem formulation phase (Section 2.2) describes the ecosystems
at risk in the MA and the PIA, the known and suspected contaminants in these areas, the potential
fate and transport of the contaminants, the likely categories of receptors that could be affected based
on potential exposure pathways, and the selection of assessment endpoints that will be used to screen
for ecological risk. An initial tier of assessment endpoints was selected for the SLERA encompassing
the three ecosystems — aguatic, riparian, and terrestrial — at risk. Each assessment endpoint is
accompanied with an overall risk question and the measurable attributes used to quantify and predict
changes to the assessment endpoint.

The ecologica effects evauation involves the selection process for defining the ecological screening
benchmarks (BM) that will be used to evauate the ecological effects of the metals present in surface
waters, sediments, and soils. The BM values are concentrations of chemicals that are considered
to be at the highest acceptable concentration, at or below which there should be no adverse
environmental effects.

Step 2 of the guidance estimates the exposure levels and screens for ecological risk. The exposure
estimations were based on conservative assumptions to ensure that potential ecological threats were
not missed. Only complete exposure pathways were evaluated. Exposures were based on the
highest measured contaminant concentration for both metas and radionuclides for each
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2.2

environmental medium at each area of interest (AOI) in the MA and PIA. The process of screening
to estimate ecological risk for each metal of interest is based on the hazard quotient (HQ) method.
The HQ method compares the highest exposure concentrations (EC) relative to the BM values to
estimate the risk of each contaminant in each AOI in the MA and PIA.

Therisk from TIR of the radionuclides associated with the mining operations to aguatic biota, riparian
animals, terrestrial animals, and terrestrial plants is evauated following U.S. DOE guidance for
genera screening (U.S. DOE 2002). This methodology sums the total exposure of the radionuclides
at maximum concentrations for each of the environmental media to derive the TIR exposure for each
AOQI. Each radionuclide is compared to a screening value, referred to as the biota concentration guide
(BCG), for each environmental media to which the biota could potentially be exposed. The BCG
screening values represent the limiting concentration for each radionuclide in an environmental
medium (water, sediments, or soil) that would not exceed the recommended dose for that specific
group of biota.

The risk characterization phase of this SLERA (Section 2.4) incorporates the risk estimation and risk
description. The risk estimation provides the quantitative assessments from the HQs and the TIR
calculations for each environmental matrix — surface water, instream sediments, riparian sediments,
and soils. The risk description section delineates the risk being imposed to the three ecosystems
(aguatic, riparian, and terrestrial) based on the contaminants of potential concern (COPC) being
retained for the BERA and identifies the AOIs and the assessment endpoints at risk. Section 2.5
provides the assumptions utilized and Section 2.6 provides the conclusions. The BERA begins in
Section 3.

Problem Formulation of the Screening Level Ecologica Risk Assessment

The problem formulation for this SLERA contains overviews of the ecosystems at risk, potential fate
and transport of contaminants, the initia tier of assessment endpoints selected for the SLERA, the
overal risk question and measurable attributes for each assessment endpoint, and the exposure
pathways.

2.2.1 Ecosystems at Risk

The physical setting and description of the site was provided in Section 1.1. The four habitat
types identified on the site include upland habitat, riparian and wetland habitat, riverine
habitat, and lacustrine habitat. Characterizations of the ecological habitats and biota of the
site have been presented in the Technical Memorandum, Ecological Characterization of
Midnite Mine (URS 2000). An overview of the aguatic, riparian, and terrestrial ecosystems
is provided below:

2.2.1.1 Characterization of the Aquatic Ecosystems

The agquatic ecosystems at the site include lacustrine habitats in the MA and riverine
habitats in the PIA (Figure 2). The lacustrine habitats in the MA include five open-
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water bodies — Fit 3, Pit 4, Pollution Control Pond (PCP), Outfal Pond, and Blood
Pool. The riverine habitats in the PIA include the drainages and Blue Creek. Three
principal drainages - Eastern, Central, and Western Drainages - flow south from the
MA. The Central and Western Drainages join the Eastern Drainage that flows into
Blue Creek. The Eastern Drainage also receives the outfal from the water
treatment facility. Other minor intermittent drainages in the PIA include Far
Western, Southwestern, Northeastern, and Northern drainages. All these drainages,
except the Far Western Dranage, ultimately drain into Blue Creek. The Far
Western Drainage flows directly into FDR Lake (URS 2000). All surface water
bodies occurring on the ST Reservation are considered crucial resources by the STI
(STI 1996, URS 2000).

Blue Creek is a perennia stream that flows 6.7 miles from Turtle Lake in a
generally southwestern direction to the Spokane Arm of the FDR Lake. Two
perennia streams — Eastern Drainage and Oyachen Creek — flow into Blue Creek.
The Eastern Drainage, which contains acid mine wastes from Midnite Mine, flows
into Blue Creek approximately 3.4 miles upstream of its confluence with the
Spokane Arm. There are times when the flow of the Eastern Drainage is
predominately based on the discharge of the water treatment plant that treats
contaminated seep water from Midnite Mine. Oyachen Creek joins Blue Creek
approximatdy 1.3 miles upstream of its confluence with the Spokane Arm of FDR
Lake (URS 2000). Blue Creek is subdivided into three regions — upper, middle, and
lower — designating where the sampling of water and sediments was conducted for
this ERA (Figure 1). Upper Blue Creek is the reach above the confluence of the
Eastern Drainage and Middle Blue Creek is the reach below the confluence of the
Eastern Drainage. Lower Blue Creek is below the confluence of Oyachen Creek.

Biologica studies of the lacustrine habitats in the MA and the drainages in the PIA
are limited. However, biologica studies exist for similar types of riverine and
lacustrine habitats within the STI Reservation identifying the flora and fauna that
could potentialy exist if water quality and physical characteristics were comparable
(Reid and Wood 1976, Stinson and Gilbert 1985, URS 2000).

During low flow periods Blue Creek flows below the ground between Oyachen
Creek and the confluence of the Spokane Arm. During these low flow periods it is
unknown whether there is sufficient water to cover the bottom substrate of the
streambed and the water is flowing undetected through the hyporheic zone, or if
there is a portion of the stream discharge that actualy flows underground from
Oyachen Creek to the Spokane Arm (URS 2000; Doughtie et al. 1993). The daily
streamflow from 1985 to the present has been recorded at the United States
Geological Survey (USGS) gaging station on Blue Creek just above the confluence
with the Eastern Drainage. The lowest flow rates typically occur during the period
between August and February discharging at a rate of approximately 0.2 to 0.3
cubic feet per second (cfs). The flow rates steadily increase from March to April
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resulting from snowmelt. March often records the highest flow rates with peak flow
rates that often exceed 10 cfs. From April to August a steady decline of the flow
rates occurs.

An instream study characterized three reaches of Blue Creek to determine habitat
availability for rainbow trout in 1988 ( Barber et al. 1988). For this study Blue
Creek was divided into three segments. Within each segment a study reach was
selected that best characterized the typical habitat for that segment. One study
reach was located just above the confluence of the Eastern Drainage and Blue
Creek while the second reach was located just downstream of the confluence of the
Eastern Drainage and Blue creek. The third reach was located just downstream of
the confluence of Oyachen Creek and Blue Creek. Qudlitative assessment of
substrate type, instream and overhead cover availability, the proportion of riffles,
runs, and pools, channel shape and slope, and water depth and velocity were defined
in each reach to provide habitat evaluation. It was determined that all three reaches
of Blue Creek consisted primarily of riffle habitat, with interspersed shallow pools.
The predominant bottom substrate for all three reaches was reported to be cobble
with a size range of 64 to 128 millimeters (mm). Sediment grain sizes were reported
being somewhat larger in the reach from the Eastern Drainage to Oyachen Creek.
Both instream and overhead coverage were considered plentiful in Blue Creek
(Barber et al. 1988; URS 2000).

A survey to map habitat in Blue Creek was conducted in 1991 to assess approaches
that could be utilized to improve spawning habitat and adult fish habitat for rainbow
trout (Peone et al. 1993). It was concluded that adult rainbow trout habitat and
spawning habitat could be improved by creating pools to increase the pool-riffle ratio
since adult rainbow trout tend to utilize pools in streams more extensively. In 1992,
a series of 64 log weirs and 7 rock weirs were ingtaled in Blue Creek between
Oyachen Creek and FDR Lake. In 1993, a total of 3,000 trees including willows,
cottonwood, aspen, and dogwood were planted in the riparian zone to increase
overhead cover and improve bank stability (Peone et al. 1993; URS 2000).

2.2.1.2 Characterization of the Riparian and Wetland Ecosystems

0081-DFR-093005

The riparian and wetland habitats have been grouped together for the ecological
characterization in this project area. Although these habitats constitute less than two
percent of the surface area of the STI Reservation, they are considered important
biologicdly productive and important wildlife habitats that provide food, cover, and
travel routes for wildlife (URS 2000, Stinson and Gilbert 1985, Zamora 1983). All
riparian and wetland habitats are considered crucial resources on the STI
Reservation (STI 1996).

The banks and low lying areas bordering the Eastern, Central, and Western
Drainages and Blue Creek are considered riparian and/or wetland habitats in the
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PIA. The flora and fauna potentially present at the Midnite Mine site have been
identified by URS (2000). An onsite wetland delineation of the Eastern Drainage
characterized the vegetation as predominantly cattail, bulrush, and dogwood (E& E
1998, URS 2000). Plant surveys conducted by SMI (1999b) at six stations in the
Western, Central and Eastern Drainages in 1999 provided a list of 18 woody species
and 34 herbaceous species. Survey data on the wildlife utilizing the riparian and
wetland habitats have not been found. Deer, rabbit, squirrel, ermine, flicker, turkey,
and various hirds have been observed along the drainages (URS 2000). Amphibians
would also be expected to concentrate around these habitats and utilize it for
breeding. Riparian habitats, characteristic of having high numbers of insects and high
vegetation productivity, would be expected to be extensively utilized by small
mammals (e.g., shrews, voles, and mice) (URS 2000).

Riparian habitat adong Blue Creek is confined to narrow bands along the stream
banks. Wetland habitats may also occur in small isolated pockets along Blue Creek
(e.g., beaver ponds). The riparian vegetation is defined as a “nearly impenetrable
tangle of shrubs and herbs, dominated by the spiny, black hawthorn” (URS 2000).
A survey of riparian vegetation was conducted at sx sampling locations aong Blue
Creek including three stations upstream from the confluence of the Eastern
Drainage and three stations below the confluence of the drainage. This survey
provided a liging of the dominant woody and herbaceous species present (SMI

1999). Surveys of the wildlife using the riparian habitat were not available, but a
number of sitings have been reported including bear, deer, elk, turkey, cougar,
moose, gopher snakes, ruffed grouse, and beaver (URS 2000).

Characterization of the Terrestrial Ecosystems

The terrestrial ecosystems at the site are characterized by the physically disturbed
habitat in the MA and a diversity of upland habitats throughout most of the PIA and
Blue Creek corridor that are largely undisturbed by mining operations.

With the exception of a few small stands of coniferous forest in the MA, the upland
habitat of the MA is of limited extent and poor qudity for wildliife use. Some
revegetation projects have occurred in severa areas in the MA including the South
Spoils area that was revegetated in 1981 and the revegetation plots at two
ore/protore stockpiles in 1994 and 1995. Revegetation projects have been judged
successful (URS 2000). Certain habitats in the MA, like the water sources (e.g.,
Pits 3 and 4) and the salt deposits, are believed to attract wildlife (e.g., deer and elk).
Some animds (e.g., marmots, cliff swallows) have been observed inhabiting the
MA. Pocket gopher diggings were observed in the remnant forest aress.
Anecdotal reports also indicate that there are a number of animals (e.g., moose,
coyote, bear, turkey) that have visited the MA by either direct observations or
animal signs (e.g., scat and tracks) (URS 2000).
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Coniferous forests dominate the upland habitats in the PIA. The forest cover types
are dominated by either ponderosa pine (Pinus ponderosa) or a mixture of
ponderosa pine and Douglas fir (Pseudotsuga menziesii). The types of forest plant
communities in the project area have been previoudy described in URS (2000).
Lists of the reptile and amphibian, mammal, and bird species that may utilize the
upland habitat have been previoudy listed by URS (2000). The fauna that can be
associated with ponderosa pine ecosystems have been characterized as having
moderate vertebrate diversity and production for permanent residents, and as an
important seasonal feeding area for many avian and mammal species.
Approximately 190 species have been listed that can utilize ponderosa pine habitats
(URS 2000, Stinson and Gilbert 1985).

2.2.2 Contaminants of Potential Concern

Site investigations conducted by Ecology & Environment during 1998 (E&E 1998), by
Shepherd-Miller, Inc.(SMI) in 1999 (SMI 1999a, 1999b, 1999c), and by URS from 1999 to
2001 (URS 2000a, 2001a, 2001b) have compiled the COPC encompassing metals and
radionuclides in surface waters, instream sediments, riparian sediments, and soils. These
COPCs or analytes were considered based upon their potential to originate from the ore body
or be associated with the mining operations.

2.2.3 Potential Fate and Transport of Contaminants

Conceptua models of fate and transport of contaminants are depicted in Figures 4 through
7 (adapted from URS 2001b). Figures 4 and 5 present the fate and transport of surface
water, instream sediments, and riparian sediments in the MA and PIA. Figures 6 and 7
present fate and transport of soils within the MA and PIA.

2.2.4 Assessment Endpoints

Assessment endpoints are explicit expressions of the actual environmental vaue that is to
be protected, operationdly defined by an ecologica entity and its attributes (USEPA 1998b).
The criteria for selection of assessment endpoints include ecological relevance, susceptibility
(exposure plus sensitivity), and relevance to management goals. An initia tier of nine
assessment endpoints was selected for the SLERA that serve to encompass the three
primary ecosystems — aquatic, riparian, and terrestrial — that are at risk at the site. More
specific endpoints relevant to exposure to receptors and the ecosystems at risk will be
provided in the BERA.

Each assessment endpoint is accompanied by an overdl risk question and the measurable
attributes. The measurable attributes include measures of exposure and measures of effects.
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The assessment endpoints for the SLERA are grouped into the aquatic, riparian, and
terrestrial ecosystems, as follows:

Agquatic Ecosystems

Assessment Endpoint #1: Function and Viability of the Aquatic Plant Community

Aquatic plants provide food and habitat for aguatic animals. Aquatic plant communities
include dgee (e.g., diatoms, filamentous algae) and macrophytes. The aquatic plant
community was determined to be of concern due to its role in energy flow, providing habitat
for aguatic animals, its potential for exposure to contaminants, and its role as a food source
for higher trophic levels. The overall risk question and measurable attributes for this
assessment endpoint are:

Overdl Risk Question: Are concentrations of metals and radionuclides present in on-site
surface waters and instream sediments sufficient to adversely affect the structure and/or
function of the aquatic plant communities in Blue Creek, the mine drainages, and the basins
of the MA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface water and sediments in the MA and PIA.

Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in surface water and sediments exceed BM values or TIR criteria

Assessment Endpoint #2: Function and Viability of the Benthic Macroinvertebrate
Community

The benthic macroinvertebrate community of smdl streams is typicaly diverse
taxonomically, morphologically, and physiologically, and is often numerically abundant. This
community plays a key role in ecosystem functions such as nutrient cycling and organic
matter processing, and is a food resource for fisheries, other macroinvertebrates (e.g.,
crayfish), and riparian animals. The overal risk question and measurable attributes for this
assessment endpoint are:

Overdl Risk Question: Are concentrations of metals and radionuclides present in on-site
surface waters and instream sediments sufficient to adversely affect the structure and/or
function of the benthic macroinvertebrate communities in Blue Creek, mine drainages, and
the basins of the MA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface water and sediments in the MA and PIA.
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Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in surface water and sediments exceed BM vaues or TIR criteria

Assessment Endpoint #3: Function and Viability of the Fish Community

Fish communities play a key role in ecosystem functions such as energy flow, nutrient
cycling and organic matter accumulation, and are a food source for higher trophic level
species. Various fish communities are encountered in streams including minnows and
sunfish and predacious species (e.g., trout, sculpin, salmon). The overal risk question and
measurable attributes for this assessment endpoint are:

Overdl Risk Question: Are concentrations of metas and radionuclides present in on-site
surface waters and sediments sufficient to adversely affect the structure and/or function of

the fish communities in Blue Creek, mine drainages, and the basins of the MA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface water and sediments in the MA and PIA.

Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in surface water and sediments exceed BM values or TIR criteria

Riparian and Wetland Ecosystems

Assessment Endpoint #4: Function and Viability of the Riparian Plant Community

Riparian and wetland plants provide food, habitat, and cover for a variety of amphibians,
reptiles, mammals, and birds. Riparian and wetland plant communities at the Midnite Mine
site consist of a diverse group of woody and herbaceous plants. The overall risk question
and measurable attributes for this assessment endpoint are:

Overdl Risk Question: Are concentrations of metals and radionuclides present in on-site
surface waters and riparian sediments sufficient to adversdy affect the structure and/or

function of the riparian plant communities in the PIA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface water and riparian sediments in the PIA.

Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in surface water and riparian sediments exceed BM values or TIR criteria.

Assessment Endpoint #5: Function and Viability of the Riparian Animal Community

The Midnite Mine site has a diverse group of animals consisting of reptiles, amphibians, birds,
and mammals that would utilize and/or inhabit the riparian habitats onsite as described in the
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Characterization of Riparian and Wetland Ecosystems (Section 2.2.1.2). The overal risk
guestions and measurable attributes for this assessment endpoint are;

Overdl Risk Questions. Are concentrations of metals and radionuclides present in on-site
surface waters and riparian sediments sufficient to adversely affect the structure and/or

function of the riparian animal communitiesin the PIA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface water and riparian sediments in the PIA.

Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in surface water and riparian sediments exceed BM values or TIR criteria.

Terrestrial Ecosystems

Assessment Endpoint #6: Function and Viability of the Terrestrial Soil Community

The soil community of aterrestrial ecosystem plays a key role in ecosystem functions such
as nutrient cycling and organic matter processing. Soil invertebrates can be an important
food resource for upper level trophic level species such as insectivorous small mammals and
birds. The overal risk question and measurable attributes for this assessment endpoint are:

Overall Risk Question: Are concentrations of metals and radionuclides present in on-site soils
sufficient to adversely affect the structure and/or function of the terrestrial soil communities
in the MA and PIA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface level and subsurface soils in the MA and PIA.

Measures of Effects. Determine if concentrations of site-related metals and radionuclides
in surface level and subsurface soils exceed BM values or TIR criteria

Assessment Endpoint #7: Function and Viability of the Terrestrial Plant Community

The terrestrial rooted vascular plant community assumes many functions in the ecosystem
including providing nesting and cover habitat for wildlife, serving as a basis for food
production in the terrestrial ecosystem, and serving as an important role in nutrient and
mineral cycling. The overall risk question and measurable attributes for this assessment
endpoint are:

Overall Risk Question: Are concentrations of metals and radionuclides present in on-site soils

sufficient to adversely affect the structure and/or function of theterrestrial plant communities
in the MA and PIA?
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Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in surface level and subsurface soils in the MA and PIA.

Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in surface level and subsurface soils exceed BM values or TIR criteria

Assessment Endpoint #8: Function and Viability of the Avian Community

The Midnite Mine site hosts a diverse group of avian receptors including insectivores (e.g.,
cliff swallow), omnivores (e.g., malard, blue jay, chickadee), soil invertebrate feeders (e.g.,
common snipe, American robin), carnivores (e.g., great horned owl, barred owl, redtail
hawk), piscivores (e.g., great blue heron, bald eagle), and herbivores (e.g., song sparrow,
spruce grouse). These avian receptors are exposed to chemical and radionuclide stressors
from surface waters, soil or sediment ingestion and contact, and food ingestion. The overall
risk questions and measurable attributes for this assessment endpoint are:

Overdl Risk Questions. Are concentrations of metals and radionuclides present in on-site
surface water, sediment, or soil sufficient to adversely affect the structure and/or function
of the terrestrial avian communities in the MA and PIA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in on-site matrices in the MA and PIA.

Measures of Effects. Determine if concentrations of site-related metals and radionuclides
in on-site matrices exceed BM vaues or TIR criteria.

Assessment Endpoint #9: Function and Viability of the Mammal Community

The Midnite Mine site hosts a diverse group of mammalian receptors including herbivores
(e.g., meadow vole, white-tailed deer, mule deer, marmot, elk), carnivores (e.g., masked
shrew, bobcat, red fox, wolverine, gray wolf, bobcat), omnivores (e.g., deer mice, raccoon,
grizzly bear), and piscivores (e.g., river otter, mink). These receptors are exposed to
chemical and radionuclide stressors from surface waters, soil or sediment ingestion and
contact, and food ingestion. The overall risk questions and measurable attributes for this
assessment endpoint are:

Overdl Risk Questions. Are concentrations of metals and radionuclides present in on-site
surface water, sediment, or soil sufficient to adversely affect the structure and/or function

of the mammal communities in the MA and PIA?

Measures of Exposure: Determine the concentrations of site-related metals and radionuclides
in on-site matrices in the MA and PIA.
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Measures of Effects: Determine if concentrations of site-related metals and radionuclides
in on-site matrices exceed BM vaues or TIR criteria.

2.2.5 Exposure Pathways
Table 1 summarizes the exposure pathways via radiation, direct contact, and ingestion for
aguatic, riparian, and terrestrial receptors. More details on the life histories of selected
receptors are presented in the BERA in Section 3.0.
2.3 Andysis
2.3.1 Exposure Analysis

Metals and radionuclides that were analyzed as part of the site investigations by Ecology &
Environment during 1998 (E& E 1998), by SMI in 1999 (SMI 19994), and by URS from 1999
to 2001 (URS 2000a, 2001a, 2001b) were compiled into an electronic database. Summary
tables for metals for each AOI and matrix are presented in Appendices D through G. Each
summary table includes the number of samples analyzed for each COPC, the number of
samples in which the anayte was detected above the sample detection limit (SDL), the
minimum concentration detected, the maximum concentration detected, the central tendency
(i.e., median or mean value), the BM vaue, the HQ, and the COPCs being retained for the
BERA. Appendix B presents the statistical methods for calculating central tendency.
Appendix H presents the summary tables for TIR calculations.

Four matrices — surface water, instream sediments, riparian sediments, and soils — were
collected from these site investigations.

2.3.1.1 Surface Water Sampling

Surface water sampling was subdivided into total metals and dissolved metals.
Surface water was collected at the lacustrine AOIs in the MA and the riverine
AOIs in the PIA. The lacustrine AOIs in the MA include Pit 3, Pit 4, Blood Pool,
Pollution Control Pond (PCP), and Outfall Pond. The riverine AOIs in the PIA
include the runoff drainages from the MA and Blue Creek. The sampling sites for
the runoff drainages are designated as Far Western Drainage, Western Drainage,
Northeastern Drainage, Central Drainage, Upper Eastern Drainage, and Lower
Eastern Drainage. The sampling sites for Blue Creek are designated as Upper Blue
Creek, Middle Blue Creek, and Lower Blue Creek. Upper Blue Creek is situated
above the confluence of the Eastern Drainage with Blue Creek, while Middle Blue
Creek is situated below the confluence of the Eastern Drainage. Lower Blue Creek
is situated below the confluence of Oyachen Creek. One location was situated in
FDR Lake.

2.3.1.2 Instream Sediment Sampling
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Two types of instream sediments were collected based on the mode of sampling —
composite sampling and grab sampling. Instream sediment samples were collocated
with surface water sampling locations for each AOI. Instream sediments refer to
sediments that were collected within the beds of the lacustrine and riverine AOIs.

Riparian Sediment Sampling

Grab samples were collected for the riparian sediments at six AOIsin the PIA. The
riparian AOIs are designated as Western Drainage, Centrd Drainage, Upper
Eastern Drainage, Lower Eastern Drainage, Middle Blue Creek, and Lower Blue
Creek.

Soil Sampling

Soils were subdivided into surface soils and subsurface soils. The surface sampling
of soilsin the MA consisted of arandom distribution of sampling throughout the MA.
Subsurface soils were not collected in the MA. Surface and subsurface sampling
of soils in the PIA was performed at four AOIls designated as the Northeastern
PIA, Southwestern PIA, East Haul Road, and West Haul Road.

2.3.2 Characterization of Effects

This section contains the selection process for the ecotoxicological BM values for surface

waters, sediments, and soils (Section 2.3.2.1), the decision criteria for the elimination or
retention of metals as COPCs (Section 2.3.2.2), and the methodology for screening TIR
(Section 2.3.2.3).

2.3.2.1 Ecotoxicological Benchmark Vaues

0081-DFR-093005

Ecotoxicological screening BMs are concentrations of chemicals that are reasonably
considered to be the highest acceptable concentration at or below which there
should not be no adverse environmental effects. |If the BM is below a
conservatively defined exposure of a chemical or below the reported detection limit,
additional analysis is needed to assess the risk. For chemicals for which toxicity
data are not available and a BM cannot be developed, further assessment is
necessary.

Table 2 presents the BM vaues for soil, sediment, and surface water selected for
this SLERA. The selection of these BMs is based on the most current criteria,
guidance, and technical data available and is presented in Tables 3, 4, and 5 for soils,
sediments, and surface waters, respectively.
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The final BM vaues selected for the SLERA were based on the more conservative
value of the available published BM values. The selection process for the BMs and
the citations used are provided below.

2.3.2.1.1 Soil Benchmarks

Benchmarks for soils were chosen by comparing the Oak Ridge National
Laboratory (ORNL) toxicological BMs of each of the anaytes with plants, soil
microorganisms, and earthworms (Table 3). Soil BMs for plants appear in
“Toxicological Benchmarks for Screening Contaminants of Potential Concern for
Effects on Terrestrial Plants’ (Efroymson et al. 1997a). Benchmarks for soil
microorganisms and earthworms appear in “Toxicologica Benchmarks for
Screening Contaminants of Potential Concern for Effects on Soil and Litter
Invertebrates and Heterotrophic Process’ (Efroymson et al. 1997b). The lowest
BM value avalable between the three types of soil receptors was sdlected to
represent the BM for the soil SLERA. For example, arsenic (As) has BM values
of 10 milligrams per kilogram (mg/kg), 100 mg/kg, and 60 mg/kg for plants,
microorganisms, and earthworms, respectively. For the SLERA the lowest BM of
10 mg/kg was selected for As.

For those andytes for which soil BM vaues are not available (calcium [Cad],
magnesium [Mg], potassium [K], and sodium [Na]), the analytes were not eliminated
as COPCs. All soil BMs are expressed in units of mg/kg dry weight (dw).

2.3.2.1.2 Sediment Benchmarks

Sediment BM values (Table 4) are based on the consensus-based threshold effect
concentration (TEC) values for all anaytes for which vaues were available
(MacDonald, et al. 2000). For those analytes for which a consensus-based TEC
was not available, the lowest sediment quality guideline (SQG) was selected as the
sediment BM vaue except for uranium (U) (EVS 1998). The U BM vaues are
derived from the “Priority Substances List Assessment Report on Releases of
Radionuclides from Nuclear Facilities” (Environment Canada 2000).

Table 4 lists both the consensus-based TEC and the consensus-based probable
effect concentration (PEC) vaues for those analytes of concern for which three or
more published SQGs were available. These published SQGs were used for
developing the consensus-based values for each contaminant for sediments. The
TEC value is the concentration below which adverse effects are not expected to
occur and the PEC value is the concentration above which adverse effects would
be expected to occur (MacDonald et al. 2000). Consensus-based TEC values for
this SLERA were available for the following analytes- As, cadmium (Cd), chromium
(Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn).

20



0081-DFR-093005

The SQG vaues were derived from a compilatiion of worldwide SQG for metals
(EVS 1998). Table 4 lists three levels of SQGs for each of the analytes defined as
low, mid, and high. The high SQG is often based on the metal concentration in
sediments above which adverse effects on most species are frequently or aways
observed or at alevel in which the sediment is highly polluted and likely to affect the
health of sediment dwelling organisms. The mid level SQG values often range from
metal concentrations in the sediment above which adverse effects on sensitive
species or life stages are expected to occur to metal concentrations above which
effects can be expected to occur frequently. The low SQG level represents either
the background level that is not expected to cause an adverse effect or a
concentration above which effects are expected to rarely occur. For this SLERA,
the low SQG BM was selected if a consensus-based TEC was not available.

Specific screening level concentrations for U were developed in northern
Saskatchewan in the location of Canada's operating uranium mines (Environment
Canada 2000). Environmental monitoring data for sediment contaminant
concentrations and co-occurring benthic invertebrate monitoring data in northern
Saskatchewan lakes near operational and pre-operational uranium mines were used
to cdculate lowest effect level (LEL) and the severe effect level (SEL). The
caculations followed EPA procedures for calculating screening level concentrations
from fidd data (Neff et al. 1986). The SEL value relating to the value that could
potentidly eiminate most of the benthic organisms was calculated to be 390 mg/kg
dw. A LEL corresponding to the value at which actual toxic effects become
apparent was calculated at 21mg/kg dw. This LEL value was selected as the critical
toxicity value and the estimated no effects vaue which is within the background
range for U concentrations in sediments in northern Saskatchewan ranging from
29.5 mg/kg dw at the 95% confidence limit (CL) to 17 mg/kg dw at the 90% CL.
The 17 mg/kg dw value as U was selected as the low SQG vaue to be used for this
SLERA.

For those analytes for which sediment BMs were not avalable [Ca, molybdenum
(Mo), K, Na, and vanadium (V)], those analytes were not eliminated as COPCs.
All sediment BM values are expressed in units of mg/kg dw.

2.3.2.1.3 Surface Water Benchmarks

Surface water BMs expressed in units of micrograms per liter (ug/L) were derived
from dther the Nationa Recommended Water Quality Criteria (NRWQC), the
Spokane Tribe Water Quality Criteria (STWQC), or the water qudity criteria from
particular U.S. EPA regions (Table 5). For this SLERA the water quality criteria
between NRWQC and STWQC were compared (USEPA 2002, STI 2001). With
the exception of Hg, most of the BM values for the STWQC were either
comparable to NRWQC or dightly higher. If the water quality criterion for a
particular analyte was not avalable from either the NRWQC or STWQC, then the
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surface water BM was selected from the water quality criteria cited by one or more
EPA regiona offices. For this SLERA the more conservative water quality criteria
were selected to represent the surface water BM value.

For the hardness-dependent metals including Cd, Cu, Pb, Ni, and Zn, the water
quality criteria are based on dissolved metal concentrations at water hardness of 100
milligrams per liter (mg/L) as calcium carbonate (CaCQ,). For this SLERA, the
surface water BMs for these metals were calculated based on dissolved metal
concentrations at a water hardness of 30 mg/L as CaCQO, following the formulas
provided by EPA (USEPA 2002).

Benchmarks for trivalent chromium (Cr I11) and hexavalent chromium (Cr VI) are
provided in Table 5. For this SLERA, the lowest Cr benchmark (i.e., Cr VI) of 10
Mo/l (STI 2001) was selected. For Hg, both BM values from NRWQC and
STWQC of 0.77 ug/L and 0.012 pg/L , respectively, were selected for the SLERA.

The BM for U of 2.6 pg/L is based on two acute toxicity determinations for brook
trout by applying a Tier || National Ambient Water Qudity Criteria (NAWQC)
procedure (Stephan et al.1985, Parkhurst et al. 1984). This Tier |l procedure
(Stephan et al.1985) for deriving water quality criteria is applied when data
requirements for Tier | criteria cannot be met. Tier | criteria requires at least eight
acute toxicity studies or at least three chronic studies for different species. When
these data requirements are not met, then a Tier Il calculation using various
application factors for “margins of safety” is applied (Appendix C).

Decision Criteria for Elimination or Retention of Metals as COPCs

The HQ method was used in the SLERA to estimate risk for each COPC. This
method compares the EC to BM values and is expressed as aratio per the following
formula

HQ=EC/BM

Where EC is the maximum concentration of the COPC and BM represents the “no
effect” or “safe level” concentrations for that analyte for surface waters, sediments,
or soils.

A HQ equal to or greater than 1.0 indicates either there is a likelihood of risk or
there is insufficient information to conclude negligible risk from exposure to a
contaminant at concentrations measured on-site. A HQ of less than 1.0 does not
indicate a lack of risk, but suggests that there is a high degree of confidence that
minima risk exists for the given COPC, particularly given that the BMs were
selected based on the lowest measurable concentration considered to be protective
of the most sensitive organism relative to an exposure defined by maximum
concentration.
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Three criteria that were used for deciding whether to retain a COPC are:

1 All metals with HQs equal to or greater than 1.0, or
2. BM value was not available for that particular COPC, or
3. The BM was below the analytical detection limit.

Total lonizing Radiation Screening Methodology

Risk from TIR to aquatic biota, riparian animals, terrestrial animals, and terrestrial
plants was evaluated following guidance for general screening provided in “A
Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota”
(USDOE 2002).

The USDOE graded approach consists of a three-step process for evaluating
radiation doses to aquatic and terrestrial biota that is designed to provide guidance
from an initid, conservative screening to, if needed, a more rigorous anaysis using
site-specific information.  The three-step process includes: (1) assembling
radionuclide concentration data defining sources, receptors, and routes of exposure
to be evaluated; (2) applying a general conservative screening methodology where
maximum exposure media concentrations are compared with biota concentration
guides (BCG) in soil, sediment and water; and (3) if needed, conducting an analysis
through site-specific screening, site-specific anaysis, or a site-specific biota dose
assessment (USDOE 2002).

BCGs are screening values representing the limiting concentration of the specific
radionuclide in an environmental matrix that would not result in the exceedance of
recommended dose standards to biota. BCGs have been derived for aguatic and
terrestrial systems that are based on aquatic animal, riparian animd, terrestrial plant
and terrestrial animal reference organisms. The dose rate limits used to derive the
BCGs for each organism type are 1 rad per day (rad/day) for aguatic animal, 0.1
rad/day for riparian animal, 1 rad/day for terrestrial plant, and 0.1 rad/day for
terrestrial animal. Thus, a dose rate limit of 1 rad/day or less is not to likely cause
observable changes in aguatic biota populations or terrestrial plant populations, and
a dose limit of 0.1 rad/day or less is not to likdy cause observable changes in
populations of riparian or terrestrial animals. For aguatic or riparian animals, BCGs
are avalable for both aguatic and riparian biota exposed to a range of radionuclides
in surface water as picocurie per liter (pCi/L) and instream or riparian sediment as
picocurie per gram (pCi/g). For terrestrial systems BCGs are available for
terrestrial animals and plants exposed to a range of radionuclides in water and soil
(USDOE 2002).

For this SLERA, the general conservative screening methodology was conducted

using the maximum concentrations of the site-specific isotopes in water, sediments,
and soils. The maximum concentrations were compared with the corresponding
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BCGs using a sum-of-fractions approach. The six site-related isotopes measured
in water, instream sediment, riparian sediment, and soil are radium 226 ¢*Ra),
radium 228 (**Ra) , thorium 232 (#2Th), uranium 234 (**U), uranium 235 (*°U),
and uranium 238 (*¥U). BCGs for each radionuclide and for each environmental
medium were derived from U.S. DOE RESRAD-BIOTA model, Version 1
(USDOE 2003). The overall exposure is the sum of exposures to water and
instream sediments for aguatic animals, water and riparian sediments for riparian
animals, and water and soil for terrestrial animals and plants.

The overal exposure for aguatic animas or riparian animas was based on two
exposure media (surface water and instream sediment for aguatic animas and
surface water and riparian sediments for riparian animals) and the site-rdated
radionuclides (A,B, ... N) a maximum concentrations (C,, GC;,.. C,), and the
corresponding BCGs (BCG,, BCG;, ... BCG,). The sum-of-fractions process is
as follows:

Sum = (C,/BCG, + C,/BCG; +... C,/BCG,) water + (C,/BCG, + C,/BCG; +...
C,/BCG,) sediment

The sum of the fractions is converted to TIR as rad/day. If the TIR was less than
1.0 rad/day, it was concluded that the dose to an aquatic animal does not exceed the
recommended dose limits for the protection of populations of aquatic animals in that
stream segment. Conversely, if the TIR was greater than 1.0 rad/ day, the TIR at
that location exceeds the recommended dose and further investigation is needed. For
riparian animals if the TIR was less than 0.1 rad/day, it was concluded that the dose
to ariparian animal does not exceed the recommended dose limits for the protection
of populations of riparian animals in that stream segment. Likewisg, if the TIR was
greater than 0.1 rad/day, the TIR at that locaion exceeds the recommended dose
for riparian animal and further investigation is needed.

Since instream sediment data are derived from two sample types (composite
samples and grab samples), risk estimations for TIR in or along the stream segments
and water bodies are presented for two combinations of data: (1) instream sediment
composite plus surface water data; and (2) instream sediment grab plus surface
water data.

The overal exposure for terrestrial systems was based on two exposure media
(water and soil) and the site-rdlated radionuclides (A,B, ... N) a maximum
concentrations (C,, Cg, ... Cy), and the corresponding BCGs (BCG,, BCG;, ...
BCG,) for terrestrial plants and animals. The sum-of-fractions process is as follows:

Sum = (C,/BCG, + C4/BCG, +... C/BCG,) water + (C,/BCG, + C4/BCG, +...
C,/BCG,) sail

24



The sum of the fractions is converted to TIR as rad/day. If the TIR was less than
1.0 rad/day, it was concluded that the dose to a terrestrial plant does not exceed the
recommended dose limits for protection of populations of terrestrial plants in that
exposed area. Conversely, if the TIR is greater than 1.0 rad/day, the TIR at that
location exceeds the recommended dose and further investigation is needed. For
terrestrial animals if the TIR was less than 0.1 rad/day, it was concluded that the
dose to a terrestrial anima does not exceed the recommended dose limits for the
protection of populations of animalsin that exposed area. Likewise, if the TIR was
greater than 0.1 rad/day, the TIR at that location exceeds the recommended dose
to animals and further investigation is needed.

Since soil data are derived from surface and sub-surface samples, risk estimations
for TIR in the PIA and MA for terrestrial systems are presented for two
combinations of data: (1) surface soil plus surface water data; and (2) sub-surface
soil plus surface water for animals and plants, respectively. The soil samples in the
PIA were collocated with surface water exposures that were closest to the soil
samples and for which data was available. For the northeastern area of the PIA,
the southwestern area of the PIA, the East Haul Road, and the West Haul Road, the
water exposures were collocated with the Northeastern Drainage, the Western
Drainage, the Upper Eastern Drainage, and the Western Drainage, respectively.
The soil samples in the MA were collocated with surface water exposure derived
from Pit 3 representing the more elevated exposures.

2.4 Risk Characterization of the Screening Level Ecological Risk Assessment

The risk characterization phase of this SLERA includes the risk estimation (Section 2.4.1) and risk
description (Section 2.4.2). The risk estimation provides the quantitative assessments from the HQs
and the TIR calculations for surface water, instream sediments, riparian sediments, and soils. The
risk description section delineates the risk being imposed to the three ecosystems (aquatic, riparian,
and terrestrial) based on the COPCs being retained for the BERA, and identifies the AOIs at risk
and the assessment endpoints at risk.

2.4.1 Risk Estimation of the Screening Level Ecological Risk Assessment

2.4.1.1 Surface Water

0081-DFR-093005

Risk estimations of the metals in surface waters were screened based on total metal
and dissolved metal concentrations. The HQs were derived by comparing the
maximum concentrations analyzed relative to the BM value. The BM values for
most of the analytes, as described in Section 2.3.2.1.3, are based on conservative
water qudlity criteria (WQC). In addition, for the hardness-dependent metals (Cd,
Cu, Pb, Ni, and Zn), the BM values are based on the dissolved concentrations at a
water hardness of 30 mg/L as CaCO,. The same BM values that were used for
screening total metals were also used for screening the dissolved metals.
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2.4.1.1.1 Surface Water: Total Metals

Data summaries for the screening of total metals for each AOI are presented in
Tables D-1 to D-16 (Appendix D). Each of these tables highlight the COPCs being
retained for that AOI. These summary tables also provide the number of samples,
number of analytical detections for each analyte, the minimum and maximum values
for each analyte, the central tendency of the dataset for each analyte, the BM, the
HQ, and the rationae for retaining the COPC. Table 6 provides a summary of the
total metals in surface waters being retained and not being retained as COPCs for
each AOI. An overview of these results follows:

Antimony (Sb), As, thallium (TI), and V consistently had HQs of less than 1.0 for
the AOIs in both the MA and PIA with the exception of two locations (Tables D-1
to D-16). These two exceptions were for the Northeastern Drainage where one
anaysis for V had a HQ greater than 1.0 (Table D-8) and for FDR Lake where the
TI BM value was less than the detection limit (Table D-15). These four analytes are
not being retained as COPCs for the surface waters as total metals.

Mercury

Mercury concentrations for dl samples at each AOI for the MA and PIA were
reported as being non-detectable with only a few samples that reported
concentrations of 0.2 pg/L to 0.3 ug/L. The highest Hg value was reported for an
Upper Blue Creek sample at 0.3 pg/L with the remaining 12 samples from that
location being below the detection limit (Table D-12). Two BM values were used
for screening Hg as described in Section 2.3.2.1.3. One BM value of 0.77 pug/L was
derived from NRWQC while the other BM vdue of 0.012 ug/L was derived from
STWQC. When applying the BM of 0.77 pg/L, either the HQ was less than 1.0 or
the BM value was greater than the sample detection value (SDL). When applying
the BM value of 0.012 ug/L, the BM value was less than the SDL thereby retaining
Hg as a COPC.

Aluminum

Aluminum (Al) was screened in surface waters relative to a BM value of 87 pg/L.
Aluminum is highlighted as a COPC at each AOI in the MA and PIA (Table 6).
The high concentrations for Al in the MA, particularly at Pit 3 (Table D-1), Blood
Pool (Table D-3), and the PCP (Table D-4), resulted in HQ vaues that exceeded
1,000. The HQ vdues for the Drainages were above 10 but below 100, except for
the Northeastern Drainage with a HQ of 472 (Tables 6 and D-8). Likewise, the
upper, middle, and lower Blue Creek locations exhibited HQs above 10, but below
100. Only one sample was analyzed for the FDR Lake location for which the BM
for Al was below the detection limit (Table D-15).
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Barium

The BM value for screening Barium (Ba) was 3.9 pg/L. Barium is a COPC at each
AOQI in the MA and PIA as aresult of HQs exceeding 1.0 (Table 6). Two locations
in the MA area - At 3 and the Outfall — had HQs exceeding 10 while the other
AOIs in the MA had HQs less than 10. The maximum concentration of Ba was
observed for the Outfall Pond at 78.1 pug/L (Table D-5). The HQs for the
drainages exceeded 10 except for the Central Drainage with aHQ of 4.2. The HQs
for the Upper, Middle, and Lower Blue Creek locations exceeded 10 while the HQ
at the FDR Lake was greater than 1.0 for Ba.

Beryllium

Beryllium (Be) was screened in surface waters relative to a BM vdue of 0.53 pg/L.
Beryllium is retained as a COPC at each AOI in the MA with HQs exceeding 10
except the Outfal Pond with a HQ of less than 1.0 (Table 6). Beryllium is
highlighted as a COPC for the Western, Northeastern, and Central Drainages with
HQs of 8.1, 12.5, and 6.0, respectively. Beryllium is not retained as a COPC at the
Far Western Drainage since HQ was less than 1.0. For the Upper and Lower
Eastern Drainages and the Upper, Middle, and Lower Blue Creek locations, the BM
vaue was above the SDL; therefore Be is not retained as a COPC for these
AOQIs.(Tables D-12 to D-14). For the FDR Lake location, the SDL was greater than
the BM value, retaining Be as a COPC at this location (Table D-15).

Cadmium

Since Cd is a hardness-dependent metdl, the BM value of 0.12 pg/L was based on
dissolved metal concentrations at a water hardness of 30 mg/L as CaCO..
Cadmium is retained as a COPC at each AOI in the MA (Tables 6 and D-1 to D-5).
The highest concentrations of Cd were observed at Pit 3 and the PCP with
concentrations of 70 pg/L (Tables D-1 and D-4). In comparison, 11 of the 12
samples andlyzed for Cd in Pit 4 were below SDL with one sample having a
concentration of 0.2 ug/L (Table D-2). Cd is aso retained as a COPC for all the
drainages (Table 6). Two of the drainages, the Far Western and Northeastern
Drainages, are retained for Cd since the BM value was less than the SDLs while
the remaining drainages had HQs exceeding 10. Likewise, the HQs for Cd for the
Upper, Middle and Lower Blue Creek locations exceeded 10. The FDR Lake
location was retained since the BM value was below the SDL.

Chromium
Surface water screening for Cr was based on a BM vdue of 10 pg/L as Cr VI. For

the MA, Cr is retained as a COPC at Fit 3, Blood Pool, and PCP with HQs of 3.4,
2.7 and 3.3, respectively (Tables D-1, D-3, D-4). The highest Cr concentration
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detected at 34.3 pg/L was in the MA at Pit 3 (Table D-1). Cr is not retained as a
COPC at Rt 4 and the Outfall since the HQs were less than 1.0 at these locations
(Tables D-2 and D-5). Two drainages, the Central Drainage and the Lower Eastern
Drainage, are not being retained for Cr since the HQs are less than 1.0 at these
locations (Tables D-9 and D-11). Chromium was also not retained as a COPC at the
Far Western Drainage since the BM was greater than the SDL (Table D-7). Three
drainages (Western, Northeastern, and Upper Eastern) had HQs that were
equivalent to 1.0 or exceeded 1.0 (Table 6). Chromium is retained as a COPC at the
Middle and Lower Blue Creek locdions, but not at the Upper Blue Creek or FDR
Lake locations. The HQs at Middle and Lower Blue Creek are 1.1 and 1.3,
respectively, with the highest concentration of 13 pg/L detected at the Lower Blue
Creek (Tables D-13 and D-14).

Cobalt

The BM value used for screening Cobat (Co) was 3 pg/L. Cobalt is retained as a
COPC at three locations in the MA (Fit 3, Blood Pool, and PCP (Table 6). These
three AOIs in the MA had HQs that exceeded 100 with maximum concentrations
ranging from 792 pg/L at the Blood Pool (Table D-3) to 1330 ug/L at the PCP
(Table D-4). In contrast, At 4 and the Outfall had HQs less than 1.0 (Tables D-2
and D-5). Cobalt is retained as COPC at the Northeastern and Central Drainages
with HQs of 7.8 and 20, respectively. Cobalt is not retained as COPC at the
remaining drainages, including Western, Far Western, Upper Eastern, and Lower
Eastern Drainages, since the HQs were less than 1.0 or the BM value was greater
than the SDL (Tables D-6, D-7, D-10, D-11). Likewise, Co is not retained as a
COPC at any of the Blue Creek locations or FDR Lake.

Copper

Since Cu is a hardness-dependent meta, the BM vaue for Cu of 3.2 pg/L was
based on the dissolved metal concentrations at a water hardness of 30 mg/L as
CaCO,. Copper is retained as a COPC for al AOIs for the MA and PIA with the
exception of the Far Western Drainage (Table 6). For the MA, two AOIs (Blood
Pool and PCP) had HQs that exceeded 100. The highest Cu concentration of 1,190
pg/L was found at the Blood Pool (Table D-3). The HQ at Pit 3 was 89 while the
HQs at At 4 and the Outfal were 7.2 and 2.6, respectively. With the exception of
the Far Western Drainage, dl the drainages had HQs exceeding 10 (Table 6). The
Upper, Middle, and Lower Blue Creek locations had HQs ranging from 4.4 to 12.5.
The HQ for the FDR Lake location was 2.7.

lron

Iron (Fe) was screened at each of the surface water AOIs for total Fe relative to
a BM of 1,000 pg/L (1.0 mg/L). Three AOIs in the MA (Pit 3, Blood Pool, and
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PCP) had HQs exceeding 1.0 (Table 6). The Blood Pool had the highest
concentration of Fe in the MA at 16,600 pg/L (16.6 mg/L) (Table D-3). Iron was
retained as a COPC a four drainages including Western, Far Western,
Northeastern, and Upper Eastern with HQs ranging from 1.3 to 66. The highest HQ
of 66 at the Northeastern Drainage was based on one sample with Fe concentration
of 66,000 pg/L (66 mg/L) (Table D-8). Iron was not retained as a COPC at the
Central or Lower Eastern Drainages with HQs lessthan 1.0. Iron was also retained
as a COPC at the Upper, Middle, and Lower Blue Creek locations since the HQs
exceeded 1.0. The FDR Lake location had HQ less than 1.0 (Table 6), eliminating
Fe as a COPC at this AQI.

Lead

Since Pb is a hardness-dependent metal, the BM of 0.7 pg/L was based on the
dissolved metal concentrations at a water hardness of 30 mg/L as CaCO,. For the
MA, Pb was retained as a COPC at Pit 3, Pit 4, Blood Pool, and PCP with HQ
ranging from 10.4 to 56.3 (Table 6). Pit 3 had the highest concentration of Pb at
39.4 ug/L (Table D-4). Because the BM was greater than the SDL for the Ouitfall
Pond, Pb was diminated as a COPC. Four drainages (Western, Far Western,
Upper Eastern, and Lower Eastern) had HQs greater than 1.0 but less than 10.
One of the drainages, the Northeastern Drainage, had a HQ exceeding 10. Pb was
not retained as a COPC at the Central Drainage since the BM value was greater
than the SDL. The Upper, Middle, and Lower Blue Creek locations had HQs for
Pb ranging from 3.6 at Lower Blue Creek to 13.1 at Upper Blue Creek (Table 6).
For the FDR Lake location the BM value was greater than the SDL eliminating Pb
as a COPC (Table D-15).

Magnesium

The BM used for screening Mg was 82,000 pg/L (82 mg/L). For the MA four
AOQIs have HQs exceeding one but less than 10 (Table 6). At 4 has a HQ less than
one (Table D-2). The highest concentration of Mg at 402,000 pg/L (402 mg/L) was
determined at the PCP (Table D-4). Four of the drainages - Western, Central,
Upper Eastern, and Lower Eastern - had HQs exceeding 1.0 but less than 10 for
Mg (Table 6). Two drainages, Far Western and Northeastern, had HQs less than
1.0 for Mg (Tables D-7 and D-8). The Upper Blue Creek and FDR Lake had HQs
less than 1.0 while the HQs for Middle and Lower Blue Creek were 1.1 and 1.0,
respectively (Table 6).

Manganese
Screening for manganese (Mn) was based on BM vaue of 80 pug/L. Manganese

is retained as a COPC at each of the AOIs in the MA represented by a wide range
of HQs (Table 6). Pit 3 and PCP had HQs exceeding 1,000 with the highest
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concentrations of Mn found at 120,000 pg/L and 142,000 pg/L, respectively (Tables
D-1 and D-4). The Blood Pool had a HQ of 460 while Pit 4 and the Outfall Pond
had HQs of 11 and 4.6, respectively (Table 6). Like the MA, the HQs for the
drainages also were represented by wide range of values from above 1.0 at the
Northeastern Drainage, above 10 a the Lower Eastern Drainages, and above 100
a the Western and Upper Eastern Drainages to above 1,000 at the Central
Drainage (Table 6). Only the Far Western Drainage had a HQ less than 1.0 (Table
D-7). The HQs at Upper Blue Creek and FDR Lake were less than 1.0 while the
HQs for Middle and Lower Blue Creek locations were 13.4 and 1.1, respectively.

Nickel

Since Ni is a hardness-dependent metal, the BM value of 19 pug/L was based on the
dissolved metal concentrations and a water hardness of 30 mg/L as CaCO,. For the
MA, Ni was retained as a COPC at At 3, Pit 4, Blood Pool, and PCP (Table 6).
The maximum concentrations for Ni of 2,430 pg/L and 2,760 pg/L were detected at
Pit 3 and PCP, respectively (Tables D-1 and D-4). The Outfall Pond had a HQ less
than 1.0 (Table D-5) and Ni was not retained as a COPC for this AOI. Except for
the Far Western Drainage having a HQ less than 1.0, al the other drainages had
HQs exceeding 1.0 (Table 6). The Central Drainage had the highest concentration
of Ni detected at 1,380 pg/L deriving a HQ of 73 (Table D-9). Nickel was not
retained as a COPC at the Upper Blue Creek, Lower Blue Creek, or FDR Lake
since either the HQ was less than 1.0 or BM was greater than the SDL (Tables D-
12, D-14, D-15). Middle Blue Creek had a HQ of 1.1 (Table D-13) and therefore
Ni was not retained as a COPC &t this AQI.

Sdlenium

Sdenium (Se) was screened using a BM value of 5 pg/L. Se was retained as a
COPC at three AQOIs in the MA including Pit 3, Blood Pool, and PCP (Table 6).
Selenium was not retained at any of the AOIs in the PIA since either the HQ was
less than 1.0 or the BM was greater than the SDL.

Silver

Screening of total metals for silver (Ag) was based on a BM value of 0.08 pg/L.
Silver is retained as a COPC at dl AOIs in the MA and PIA since either the HQ
exceeds 1.0 or BM is below the SDL (Table 6). The majority of all the samples
anayzed for Ag for each of the AOIs in the MA and PIA were reported as being
non-detectable (Tables D-1 to D-15). The SDLs ranged from 0.7 to 2.0 ug/L
which are above the BM value. The highest Ag concentration of 60 pug/L was
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reported for Fit 3 (Table D-1). Concentrations of 10 pg/L or less were reported for
the other AQIs.

Uranium

Screening of total metds for U was based on a BM value of 2.6 pug/L. Uranium is
retained as a COPC at each AOI in the MA and PIA except for the FDR Lake
(Table 6). The highest HQs exceeding 1,000 were in the MA. The highest
concentrations of U were detected at Pit 3 and the PCP with concentrations of
24,000 pg/L and 30,000 pg/L, respectively (Tables D-1 and D-4). The Outfall Pond
had lower concentrations of U with a HQ of 98 (Table D-5). The HQs for the
drainages ranged from 3.8 at the Far Western Drainage to 412 at the Northeastern
Drainage. The HQs at the Upper, Middle, and Lower Blue Creek locations ranged
from 10.4 to 38. Uranium was not retained as a COPC at FDR Lake since the BM
value was greater than the SDL (Table D-15).

Zinc

Since Zn is a hardness-dependent metal, the BM value of 41 pg/L was based on the
dissolved metal concentrations at a water hardness of 30 mg/L as CaCO; Zinc is
retained as a COPC at each of the AOIs in the MA with the exception of the
Outfal Pond (Table 6). The highest concentrations of Zn in the MA were reported
for Pit 3 and the PCP at concentrations of 5,480 pg/L and 6,000 ug/L, respectively
(Tables D-1 and D-4). Zincisaso retained as a COPC at dl AOIs in the PIA with
the exception of the Far Western Drainage. The HQs for the drainages ranged
from less than 1.0 at the Far Western Drainage to 73 at the Central Drainage. All
of the HQs for the Upper, Middle, Lower Blue Creek locations and the FDR Lake
were above 1.0 ranging from 1.3 to 1.7 (Table 6).

2.4.1.1.2 Surface Water: Dissolved Metas

Tables D-17 to D-31 (Appendix D) present the data summaries for the screening
of dissolved metals at each AOI. Table 7 provides a summary of the dissolved
metals in surface waters being retained as COPCs for each AOI.

The same BM vaues that were used to derive HQs for total metals were used for
screening the dissolved metals. As previously noted, the BMs for the hardness-
dependent metals were based on dissolved concentrations at a water hardness of
30 mg/L as CaCO,. A dmilar trend exists a each AOI, including the relative
magnitude of the HQs between the MA and PIA, particularly for Be, Cd, Co, Cu,
Mn, Ni, and Zn. Four analytes - Al, Fe, Se, and U - were analyzed as total metals
and not as dissolved metals. All COPCs being retained, as dissolved metals, are also
being retained as total metals.

31



2.4.1.2 Instream Sediments. Composite and Grab Samples
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Risk egtimations of the metals in instream sediments were screened based on
composite and grab samples. Summary tables for each type of sampling is provided
giving the number of samples and number of anaytical detections for each andyte,
the minimum and maximum vaues for each anayte, the central tendency of the
dataset for each analyte, the BM, the HQ, and the rationale for retaining the COPC.
Tables E-1 to E-14 (Appendix E) present the data summaries for the screening of
composite instream sediments for each AOI and Tables E-15 to E-28 (Appendix E)
present the data summaries for the screening of instream sediments collected by
grab sampling for each AOI. Tables 8 and 9 provide a summary of the COPCs
being retained and not being retained by AOI for the composite samples and the
grab samples, respectively.

Composite sampling in the MA was only performed at the Outfall Pond. Composite
sampling in the PIA included the drainages (Far Western, Western, Northern,
Northeastern, Southwestern, Centra, Upper Eastern, and Lower Eastern
Drainages), Blue Creek (Upper, Middle, and Lower), and FDR Lake location. The
number of sampling events at each of the AOIs ranged from one to three samples
with the exception of Upper Eastern Drainage with six samples.

Grab samples were taken at each AOI in the MA. The number of samples
collected ranged from one to three. For the PIA, grab samples were collected at
the Western, Central, Upper Eastern, and Lower Eastern Drainages and ranged
from two to nine samples; at the Upper, Middle and Lower Blue Creek locations
with number of samples ranging from one to seventeen; and one grab sample at the
FDR Lake.

A generd description of the contents of these tables with an emphasis on what
analytes are being retained as COPCs follows:

Four anaytes — Cr, Hg, Pb, and Tl — are not being retained as COPCs based on the
screening of the composite and grab instream sediments indicating a negligible risk
of these analytes both in the MA and PIA (Tables E1 to E-28). The HQs for the
composite and grab sampling for Cr were al less than 1.0 at each AOI in the MA
and PIA except for one sample collected from the Blood Pool. One grab sample
collected at the Blood Pool had a HQ of 1.2 for Cr (Table E-17) indicating that Cr
in instream sediments presented negligible risk at the site. The BM for Hg was
greater then the SDL for all samples collected in the MA and PIA with the
exception of two samples collected at the Central Drainage and the Northern
Drainage. For these two samples the BM was less than the SDL indicating that Hg
presented negligible risk at the ste. The HQs for Pb and Tl were all less than 1.0
for each AOI inthe MA and PIA.
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Aluminum

The sediment BM value for screening Al was 9,400 mg/kg. Aluminum is being
retained as a COPC at all AOIs in the MA with HQs of greater than 1.0 but less
than five at Pit 3, Pit 4, the Blood Pool and the Outfal Pond (Table 9). The PCP
with amaximum concentration from a grab sample of 160,000 mg/kg had the highest
HQ of 17 in the MA(Table E-18). Al is being retained as a COPC with HQs
greater than 1.0 but less than five with the exception of the Southwestern Drainage
and Upper Blue Creek. The HQ equals 1.0 for the grab sediment and less than 1.0
for the composite sediment for the FDR Lake, retaining Al as a COPC at this AQOI
(Tables 8 and 9).

Antimony

The sediment BM value for screening Sb was 0.49 mg/kg. The Blood Pool and
Outfall Pond were the only two AOIs with HQs greater than 1.0 with values of 3.3
and 3.7, respectively. No AOQIs retained Sb as a COPC based on the composite
sediments, but Sb is retained as a COPC for the remaining grab sediment samples
in the MA and PIA based on the BM being less than the SDL (Table 9).

Arsenic

The sediment BM value for screening As was 9.79 mg/kg. Arsenic is retained as
a COPC at each of the AQOIs in the MA with HQs ranging from 2.6 at Pit 4 to 8.4
at the Outfall Pond based for the grab sediments (Table 9). Arsenic is not being
retained for the Western Drainage, Far Western Drainage, Southwestern Drainage,
and Upper Blue Creek (Tables E-2, E-6, E-10, E-20, E-24). All the other AOIs in
the PIA including the drainages (Northeastern, Northern, Central, Upper Eastern,
and Lower Eastern Drainages), Middle Blue Creek, Lower Blue Creek, and FDR
Lake have HQs greater than 1.0 but less than 10 for either the grab or composite
sediments (Tables 8 and 9). Middle Blue Creek had the highest HQ of 8.2 for the
grab sample with a maximum concentration of 80 mg/kg (Table E-25).

Barium
The sediment BM value for screening Ba was 500 mg/kg. Barium was only
retained as a COPC for the grab sediments at Pit 3, PCP, and Middle Blue Creek

with HQs of 1.0, 1.4, and 1.3, respectively. For al other AOIsin the MA and PIA
the HQs were less than 1.0 for the composite and grab sampling (Tables 8 and 9).

Beryllium
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The sediment BM vaue for screening Be was 0.7 mg/kg. Beryllium is retained as
a COPC at each of the AOQIs in the MA based on either the grab or composite
sediments with HQs ranging from 1.4 at the Outfall Pond for the grab sediment
sample to 43 at PCP for the composite sediments (Tables 8 and 9). The highest
concentration of Be (29.8 mg/kg) was found at the PCP (Table E-18). Three AOIs
in the PIA — Southwestern Drainage, Upper Blue Creek and FDR Lake — are not
retaining Be as a COPC sine the HQs are less than 1.0 for either grab or composite
sediments. The remaining drainages, Middle Blue Creek, and Lower Blue Creek
have HQs greater than 1.0 but less than 10 (Tables 8 and 9).

Cadmium

The sediment BM vaue used for screening Cd was 0.99 mg/kg. Cadmium is only
retained as a COPC in the MA at the PCP with a HQ of 11.3 (Table 9). The
remaining AOIs in the MA ether had HQs less than 1.0 or BM was greater than
the SDL. Several AQIs in the PIA are not retaining Cd as a COPC for either grab
or composite sediments including four drainages (Far Western, Northeastern,
Southwestern, and Northern Drainages), Lower Blue Creek, and FDR Lake (Tables
8 and 9). Cadmium is being retained as a COPC at Western Drainage, Central
Drainage, Upper Eastern Drainage, Lower Eastern Drainage, Upper Blue Creek
and Middle Blue Creek with HQs exceeding 1.0 but less than 10 for grab and
composite sediments except Lower Eastern Drainage (Tables8 and 9). The Lower
Eastern Drainage has HQ of 14.5 (14.4 mg/kg) for composite sediment (Table E-
19).

Cobalt

The sediment BM value used for screening Co was 20 mg/kg. Cobalt is retained as
a COPC in the MA at Rt 3, Rit 4, PCP, and Outfal Pond with HQs exceeding 1.0
but less than 10 for the composite sediments (Table 8). The PCP had the highest
HQ of 8.3 with a maximum concentration of 166 mg/kg for the grab sediments
(Table E-18). The Blood Pool had a HQ of less than 1.0 (Table E-17). Cobalt is
retained as a COPC at five AQIs in the PIA - Western Drainage, Central Drainage,
Upper and Lower Eastern Drainages, and Middle Blue Creek - based on either the
grab or composite sediments (Tables 8 and 9). The highest HQ in the PIA was 7.0
a Middle Blue Creek with a maximum concentration of 139 mg/kg for the
composite sediments (Table E-11). Several AOIs in the PIA had HQs less than 1.0
for grab or composite sediments including Northern Drainage, Far Western
Drainage, Northeastern Drainage, Southwestern Drainage, Upper Blue Creek,
Lower Blue Creek, and FDR Lake(Tables 8 and 9), eliminating Co as a COPC at
these AQlIs.

Copper
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The sediment BM vaue for screening Cu was 31.6 mg/kg. Copper is retained as
a COPC in the MA at PRit 3, Blood Pool, PCP, and Outfal Pond with HQs ranging
from 1.8 at the Outfal Pond to 23.8 at the PCP for composite sediments (Table 8).
The highest sediment concentration was 751 mg/kg at the PCP from the composite
sample (Table E-18). Pit 4 had a HQ of less than 1.0. The Central Drainage was
the only AQI in the PIA that retained Cu as a COPC with a HQ of 2.9 for the grab
sediments (Table 8). All other AQIs in the PIA had HQs less than 1.0 for the
composite and grab sediments (Tables 8 and 9), eliminating Cu as a COPC.

Iron

The sediment BM value for screening Fe was 10,000 mg/kg. Iron is retained as a
COPC at dl AQIs in the MA with HQs exceeding 1.0 but less than 10 (Tables 8
and 9). The Blood Pool had the highest HQ of 6.7 with a maximum concentration
of 67,400 mg/kg for the grab sediment (Table E-17). With the exception of Upper
Blue Creek, Fe is retained as a COPC at al AOIls in the PIA with HQs exceeding
1.0 but less than five for the composite and grab sediments. The highest HQs in the
PIA were 3.4 a Northeastern Drainage for the grab sediments and 3.1 at Middle
Blue Creek for the composite sediments. Upper Blue Creek had a HQ of less than
1.0 for grab and composite sediments (Tables 8 and 9), diminating Fe as a COPC
at this AOI.

Magnesium

The sediment BM for screening Mg was 6,100 mg/kg. Magnesium is being retained
as a COPC at each of the AOIs in the MA with HQs ranging from 1.2 to 1.8 for the
grab sediments (Table 9). The maximum concentration of Mg was found at Pit 3
at 11,100 mg/kg (Table E-15). Only three AOIs in the PIA — Upper Eastern
Drainage, Lower Blue Creek, and FDR Lake - had HQs exceeding 1.0 for grab
sediments (Table 9). The maximum concentrations of Mg at these three locations
ranged from 6,170 mg/kg to 6,700 mg/kg (Tables E-22, E26, E-27). All the
remaining AQIs in the PIA had HQs less than 1.0 (Tables 8 and 9), eiminating Mg
as a COPC.

Manganese

The sediment BM value for screening Mn was 736 mg/kg. Manganese is retained
as a COPC in the MA at Pits 3 and 4, PCP, and Outfall Pond with HQs exceeding
1.0 but less than 10 for grab sediment (Table 9). The HQ was less than 1.0 at the
Blood Pool. Manganese is retained as a COPC in the PIA at five of the drainages
— Western, Northeastern, Central, Upper Eastern and Lower Eastern — with HQs
ranging from 1 to 46 for composite and grab sediments (Tables 8 and 9). The
Lower Eastern Drainage had a maximum concentration of 24,300 mg/kg for Mn in
the grab sediment (Table E-23). Three drainages — Far Western, Southwestern, and
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Northern Drainages — had HQs less than 1.0 based on the composite sediments
(Tables 8 and 9). The grab sediments sampled at the Upper, Middle, and Lower
Blue Creek had higher sediment concentrations than the composite sediments
resulting in HQs of 10.2, 86 and 5.0, respectively. Middle Blue Creek with a HQ
of 86 had a maximum concentration of 63,300 mg/kg for grab sediment (Table E-
25). The HQ was less than 1.0 for the composite and grab sediments at FDR Lake,
eliminating Mn as a COPC at this AOI.

Nickel

The sediment BM value for screening Ni was 22.7 mg/kg. Nickel is retained as a
COPC at al AQOIs in the MA for grab sediments (Table 9). The highest HQ of 33
at the PCP had a maximum concentraion of 757 mg/kg (Table E-18). Nickel is
retained as a COPC at five of the drainages - Western, Northeastern, Central,
Upper Eastern, and Lower Eastern - based on composite and grab sediments with
HQs ranging from 1.2 to 23 (Tables 8 and 9). Three drainages — Far Western,
Southwestern, and Northern - had HQs less than 1.0 for the composite sediments,
eliminating Ni as a COPC at these AOIls. Nickel is retained as a COPC at Upper,
Middle, and Lower Blue Creek with HQs of 1.4, 20.3, and 2.3 based on the
sediment grab samples, respectively. Middle Blue Creek with a HQ of 20.3 had a
maximum concentration of 460 mg/kg for the grab sediments (Table E-25). The HQ
was less than 1.0 for grab and composite sediments for FDR Lake.

Sdlenium

The sediment BM vaue for screening Se was 0.1 mg/kg. Selenium was retained
as a COPC at dl AOIs in the MA or PIA based on the composite and grab
sediments since either the HQs exceeded 1.0 or the BM vaue was less than the
SDL (Tables 8 and 9).

Silver

The sediment BM value for screening Ag was 0.5 mg/kg. Silver is retained as a
COPC in the MA at Pit 3, Blood Pool, PCP, and Outfall Pond since the BM was
less than the SDL for grab sediments (Table 9). The SDLs for these MA samples
ranging between 0.52 and 0.6 mg/kg were just above the 0.5 mg/kg BM value
(Tables E-15, E-17 to E-19). Two AOIs in the PIA - Upper Eastern Drainage and
Lower Blue Creek - retained Ag as a COPC with a HQ of 1.3 and a BM value less
than the SDL, respectively (Table 9) . For the remaining AOIs in the PIA either the
HQ was less than 1.0 or the BM was greater than the SDL for the composite and
grab sediments (Tables 8 and 9), eliminating Ag as a COPC at these AQIs.

Uranium
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The sediment BM vdue for screening U was 17 mg/kg. Uranium is retained as a
COPC at dl AOIs in the MA and PIA except the FDR Lake based on composite
and grab sediments (Tables 8 and 9). For the MA, the highest HQ of 340 occurred
at the PCP with a maximum concentration of 5,780 mg/kg (Table E-18). The lowest
HQ in the MA was 6.1 at the Blood Pool (Table 9). For the drainages, the HQs
ranged from 1.2 at the Northern Drainage with composite sediment to 214 at the
Central Drainage with the grab sediment. The maximum concentration of U at the
Central Drainage was 3,640 mg/kg for grab sediment (Table E-21). The HQs were
greater than 1.0 but less than 10 at the Upper, Middle, and Lower Blue Creek AQOIs.
The HQ was less than 1.0 at FDR Lake for the composite and grab sediments
(Tables 8 and 9), diminating U as a COPC at this AQI.

Vanadium

Vanadium is being retained as a COPC for al AOIs since a BM value was not
available. Vanadium concentrations did not exhibit a wide variation between the
AOQOIs of the MA and PIA. Maximum sediment concentrations for V in the MA
ranged from 16.3 mg/kg a PCP (Table E-18) to 66.3 mg/kg at the Blood Pool
(Table E-17). The drainages had maximum sediment concentrations ranging from
12.8 mg/kg for grab sediment at the Western Drainage (Table E-2) to 44.8 mg/kg
for composite sediment at the Northeastern Drainage (Table E-5). The maximum
sediment concentrations for Upper Blue Creek, Middle Blue Creek, Lower Blue
Creek, and FDR Lake were determined for the grab sediment samples with
concentrations ranging from 9.2 mg/kg (Table E-10) at Upper Blue Creek to 25.9
mg/kg at Middle Blue Creek (Table E-11).

Zinc

The sediment BM vaue for screening Zn was 121 mg/kg. Zinc is retained as a
COPC in the MA at Rt 3, PCP, and Outfal Pond with HQs exceeding 1.0 but less
than 10 for the grab sediment (Table 9) . The maximum concentration of Zn was
995 mg/kg at the PCP (Table E-18). Zinc is retained as a COPC at five AOIs in
the PIA including Central Drainage, Upper Eastern Drainage, Lower Eastern
Drainage, Middle Blue Creek, and FDR Lake with HQs exceeding 1.0 but less than
five for the composite and grab sediments (Tables 8 and 9). The remaining AOIs
in the PIA — Far Western, Western, Northern, Northeastern, and Southwestern -
had HQs less than 1.0 for either grab or composite sediments (Tables 8 and 9),
eliminating Zn as a COPC.

Riparian Sediments
Risk estimations of the metals in riparian sediments were screened using the same

BM vaues as the instream sediments. Tables F-1 to F-6 present the data
summaries for the screening of the riparian sediments for each AOI that includes
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the number of samples and number of analytical detections for each analyte, the
minimum and maximum values for each analyte, the central tendency of the dataset
for each anayte, the BM vaue, the HQ, and the rationde for retaining the COPC.
Table 10 provides a summary of the COPCs being retained by AQI for the riparian
sediments.

Riparian habitats only exist in the PIA. Six riparian AOIs were identified for the
screening designated as Western Drainage, Central Drainage, Upper and Lower
Eastern Drainages, Middle Blue Creek, and Lower Blue Creek. A generd
description of the contents of these tables with an emphasis on what analytes are
being retained as COPCs follows.

Six andytes — Ba, Cr, Hg, Pb, Ag, and Tl — are not being retained as COPCs based
on the screening of the riparian sediments indicating a negligible risk to the AQOIs in
PIA. The HQs were dl less than 1.0 for Ba Cr, Pb, and Tl a each AOl. The BM
for Hg was greater than the SDL at each AOI. For Ag either the HQ was less than
1.0 or the BM value was greater than the SDL (Tables F-1 to F-6).

Aluminum

Aluminum is retained as a COPC at each of the riparian AOIs except Lower Blue
Creek (Table 10). The HQs for the drainages and Middle Blue Creek ranged from
1.3 a Middle Blue Creek to 3.2 at the Central Drainage. The highest maximum
concentration for Al at the Central Drainage was 30,500 mg/kg (Table F-2). Lower
Blue Creek had a HQ of less than 1.0 (Table F-6), eiminating Al as a COPC &t this
AOl.

Antimony

Antimony is retained as a COPC at each of the riparian AOIls. The HQs ranged
from 1.3 to 2.4 at five of the AOIs including Western Drainage, Central Drainage,
Upper Eastern Drainage, and Midde and Lower Blue Creek (Table 10). The
highest maximum concentration for Sb at the Central Drainage was 1.2 mg/kg
(Table F-2). The BM was less than the SDL at the Lower Eastern Drainage (Table
F-4).

Arsenic

Arsenic is retained as a COPC at three riparian AOIs — Central Drainage, and
Upper and Lower Eastern Drainages — with HQs ranging from 1.0 to 3.9 (Table
10). The highest maximum concentration for As at the Central Drainage was 37.7
mg/kg (Table F-2). The HQs were less than 1.0 at Western Drainage, and Middle
and Lower Blue Creek (Tables F-1, F-5, and F-6), eliminating As as a COPC at
these AQlIs.
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Beryllium

Beryllium is retained as a COPC at al riparian AOIls except Lower Blue Creek
(Table 10). The highest HQ of 14.7 was at Central Drainage with a maximum
concentration of 10.3 mg/kg as Be (Table F-2). Lower Blue Creek had a HQ less
than 1.0, eliminating Be as a COPC at this AOI.

Cadmium

Cadmium is retained as a COPC at three riparian AOls — Central Drainage, Lower
Eastern Drainage, and Middle Blue Creek — with HQs of 4.3, 10.9, and 1.2,
respectively (Table 10). The highest maximum concentration for Cd at the Lower
Eastern Drainage was 10.8 mg/kg (Table F-4). HQs were less than 1.0 at the
Western Drainage, Upper Eastern Drainage, and Lower Blue Creek (Tables F-1,
F-3, and F-6), eliminating Cd as a COPC at these AQls.

Cobalt

Cobdlt is retained as a COPC at Centra Drainage and Lower Eastern Drainage
with HQs of 5.7 and 1.5, respectively (Table 10). The HQs were less than 1.0 at
Western Drainage, Upper Eastern Drainage, and Middle and Lower Blue Creek
(Tables F-1, F-3, F-5 and F-6), eliminating Co as a COPC at these AQls.

Copper

Copper is retained as a COPC at Central Drainage with a HQ of 2.2 and maximum
concentration of 68.5 mg/kg (Tables 10 and F-2). The HQs were less than 1.0 at
the Western Drainage, Upper and Lower Eastern Drainages, and Middle and Lower
Blue Creek (Tables F-1, F-3 to F-6), eliminating Cu as a COPC at these AOls.

lron

Iron is retained as a COPC at dl riparian AOIs with HQs ranging from 1.4 to 2.9
(Table 10). Central Drainage had the highest maximum concentration for Fe at
29,200 mg/kg (Table F-2).

Magnesium
Magnesium is retained as a COPC at the Central Drainage and the Upper Eastern
Drainage with HQs of 1.2 and 1.1, respectively (Table 10). The HQs were less

than 1.0 at Western Drainage, Lower Eastern Drainage, and Middle and Lower
Blue Creek (Tables F-1, F-4 to F-6), eliminating Mg as a COPC at these AQlIs.
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Manganese

Manganese is retained as a COPC at each of the riparian AOIs except Lower Blue
Creek (Table 10). Lower Eastern Drainage had the highest HQ of 23.2 with a
maximum concentration of 17,100 mg/kg as Mn (Table F-4). The HQ was less than
1.0 at Lower Blue Creek (Table F-6), eliminating Mn as a COPC at this AQI.

Molybdenum

Since no BM value for screening Mo was available, Mo was retained as a COPC
at each of the AOIs. The drainages had higher maximum concentrations of Mo
than the Blue Creek AOIs ranging from 3.3 mg/kg at Upper Eastern Drainage to
9.0 mg/kg a the Lower Eastern Drainage (Tables F-1 to F-6). Maximum
concentrations of Mo at Middle and Lower Blue Creek were 1.4 mg/kg and 0.21
mg/kg, respectively (Tables F-5 and F-6).

Nickel

Nickel is retained as a COPC at four AOls — Central Drainage, Upper and Lower
Eastern Drainages, and Middle Blue Creek (Table 10). Central Drainage and
Lower Eastern Drainage had HQs of 12.4 and 10.4 with maximum concentrations
of 281 mg/kg and 237 mg/kg, respectively (Tables F-3 and F-4). The HQs at Upper
Eastern Drainage and Middle Blue Creek were 1.1 and 2.3, respectively. The HQs
were less than 1.0 for Western Drainage and Lower Blue Creek (Tables F-1 and
F-6), eliminating Ni as a COPC at these AQIs.

Selenium

Selenium is retained as a COPC at each of the riparian AOls. Western Drainage
had the highest HQ of 27 with a maximum concentration of 2.7 mg/kg (Table F-1).
The HQs ranged between 2.6 and 5.9 at the Central Drainage, Lower Eastern
Drainage, and Middle and Lower Blue Creek (Table 10). The BM was less than
the SDL at Upper Eastern Drainage (Table F-3).

Uranium

Uranium is retained as a COPC at each of the riparian AOIs except Lower Blue
Creek (Table 10). Central Drainage had the highest HQ of 134 with a maximum
concentration of 2,271 mg/kg (Table F-2). The HQ was less than 1.0 at Lower
Blue Creek (Table F-6), diminating U as a COPC at this AOI.

Vanadium
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Since no BM vaue for screening V was avalable, V was retained as a COPC at
each of the AOIs. Vanadium concentrations in the drainages were approximately
twice the amount found in the Blue Creek samples. Highest concentrations ranged
from 30.4 mg/kg at Upper Eastern Drainage to 48.5 mg/kg at the Western Drainage
and from 21.5 mg/kg at Middle Blue Creek to 16.3 mg/kg at Lower Blue Creek
(Tables F-1 and F-6).

Zinc

Zinc is retained as a COPC at Central Drainage and Lower Eastern Drainage with
HQs of 7.2 and 2.5, respectively (Table 10). The HQs were less than 1.0 for the
remaining AOIs (Tables F-1, F-3, F-5 and F-6), eliminating Zn as a COPC.

Soils; Surface and Subsurface Soils

Risk edtimations of the metals in soils were screened based on surface and
subsurface sampling. For each type of soil sampling, summary tables provide the
number of samples and number of anaytical detections for each analyte, the
minimum and maximum values for each analyte, the central tendency of the dataset
for each anayte, the BM vaue, the HQ, and the rationale for retaining the COPC.
Tables G-1 to G-6 present the data summaries for the screening of surface leve
soils for each AOI and Tables G-7 to G-11 present the data summaries for the
screening of sub-surface soils for each AOI. Tables 11 and 12 provide a summary
of the COPCs being retained by AQI for the surface soils and the subsurface soils,
respectively.

The surface soil sampling was performed at five AOIls including the MA, the
Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road.
Subsurface samples were collected at four AOIs in the PIA including the
Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road. A
general description of the contents of these tables with an emphasis on what
analytes are being retained as COPCs follows.

Five analytes — Sb, Ba, Be, Hg, and Ag — are not being retained as COPCs based
on the screening of the surface and subsurface soils indicating a negligible risk of
these analytes both in the MA and PIA (Tables 11 and 12). For each of these
anaytes either the HQs were less than 1.0 or the BM was greater than the SDL for
the surface and sub-surface soils with one exception for Hg. One of the 12 samples
analyzed for Hg at the East Haul Road detected a concentration of 0.1 mg/kg and
aHQ equal to 1.0 (Table G-4).

Aluminum
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The BM value for screening Al in soils was 50 mg/kg. Aluminum is being retained
as a COPC at dl AQIs in the MA and PIA with HQs that exceeded 100 (Tables
11 and 12). Maximum concentrations for the surface level soils for dl AOIs ranged
from 15,200 mg/kg at the West Haul Road (Table G-5) to 33,700 mg/kg at the MA
(Table G-1). The maximum Al concentrations for the subsurface soils were lower
than the concentrations for the surface soils with concentrations ranging from 9,900
mg/kg at the West Haul Road to 22,100 mg/kg at the Northeastern PIA.

Arsenic

The soil BM vaue for screening As was 10 mg/kg. Arsenic was retained as a
COPC for the MA with a HQ of 23.9 (Tables 11). Northeastern PIA, East Haul

Road, and West Haul Road were aso retained with HQs exceeding 1.0 for the
surface soils (Table 11). The highest concentrations of As were detected at the
MA at a concentration of 239 mg/kg and at the East Haul Road at 92.4 mg/kg

(Tables G-1 and G-4). For the Southwestern PIA , the HQs for the surface and

sub-surface soils were less than 1.0. For the sub-surface soils HQs exceeded 1.0
but less than ten at Northeastern PIA and East Haul Road (Table 12).

Cadmium

The soil BM value for screening Cd was 3 mg/kg. Cadmium is retained as a COPC
in the MA but not at any of the AOIs in the PIA (Tables 11 and 12). The HQ for
Cd in the MA was 1.2 for the surface soil. All HQs were less than 1.0 for the
AOQIsin the PIA for the surface and subsurface soils.

Chromium

The soil BM vaue for screening Cr was 0.4 mg/kg. Chromium is retained as a
COPC for al AOIs based on the surface and subsurface soils (Tables 11 and 12).

The MA had the highest HQ of 165 in the surface soil with a maximum

concentration of 66 mg/kg (Table G-1). The HQs were greater than 10 for the
surface and subsurface soils at each of the AOIs in the PIA (Tables 11 and 12).

The Northeastern PIA had the highest HQ of 73 with a maximum concentration of

29.1 mg/kg as Cr for the surface soil (Table G-2).

Cobalt
The soil BM value for screening Co was 20 mg/kg. Cobat was retained as a COPC
at the MA and East Haul Road since the HQs were equa to 1.0 for the surface

soils (Table 11). The HQs were less than 1.0 for the remaining AOIs (Tables 11 and
12).
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Copper

The soil BM vaue for screening Cu was 50 mg/kg. Copper was retained as a
COPC at the MA with a HQ of 1.7 and a maximum concentration of 83 mg/kg for

the surface soil (Table G-1). Copper was retained as a COPC at East Haul Road

and West Haul Road with HQs of 1.2 and 1.0 for the surface soils, respectively.

The HQs were less than 1.0 at Northeastern and Southwestern PlIAs for the
surface soils and at each AQI in the PIA for the subsurface soils.

Iron

The soil BM value for screening Fe was 200 mg/kg. Iron was retained as a COPC
for each AOI based on the surface and subsurface samples. The highest HQ of
327 was found at the MA with a maximum concentration of 65,300 mg/kg (Table
G-1). For the AQOIs in the PIA the HQs for the surface and subsurface soils
exceeded 50 at the Southwestern PIA and West Haul Road and exceeded 100 at
Northeastern PIA and East Haul Road (Tables 11 and 12).

Lead

The soil BM vaue for Pb was 50 mg/kg. Lead was retained as a COPC at the
MA but not at any of the AOIs in the PIA (Tables 11 and 12). The HQ for Pb at
the MA was 1.7 with a maximum concentration of 84 mg/kg for the surface soils
(Table G-1). The HQs were less than 1.0 for the remaining AOIs in the PIA
(Tables 11 and 12).

Magnesium

Magnesium is retained as a COPC at each AOI in the MA and PIA since no BM
value was available. The highest surface concentrations occurring at the MA and
Northeastern PIA were 10,500 mg/kg and 13,900 mg/kg, respectively (Tables G-1
and G-2). For the subsurface soils maximum Mg concentrations for the AOIs in the
PIA ranged from 2,460 mg/kg to 8,360 mg/kg (Tables G-7 to G-10).

Manganese

The soil BM value for screening Mn was 100 mg/kg. Manganese was retained as
a COPC in the MA and PIA based on the surface and subsurface soils (Tables 11
and 12). The MA had the highest HQ of 51.9 with a maximum concentration of
5,190 mg/kg (Table G-1). For the AOIs in the PIA, the HQs for the surface soils
ranged between 6.2 at the Southwestern PIA to 19.9 at the Northwestern PIA
(Table 11). The AOIs in the PIA had HQs for Mn ranging between 4.7 at West
Haul Road and 12.7 at Northeastern PIA for the subsurface soils (Table 12).
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Molybdenum

The soil BM value for Mo was 2 mg/kg. Molybdenum was retained as a COPC at
the MA with a HQ of 16 and a maximum concentration of 31.9 mg/kg for the
surface soil (Table G-1). Molybdenum was retained as a COPC at the West and
East Haul Road with HQs of 2.5 and 3.7 for the surface soils, respectively (Table
11). The HQs were less than 1.0 for the surface soils at Northeastern and
Southwestern PIAs (Tables G-2 and G-3), diminating Mo as a COPC at these two
AOIls. For the subsurface soils one AOI had a HQ of 2.2 at East Haul Road with
the remaining AOIs having HQs less than 1.0 (Table 12).

Nickel

The soil BM value for Ni was 30 mg/kg. Nickel was retained as a COPC at the
MA with aHQ of 1.5 and a maximum concentration of 44 mg/kg for the surface soil
(Table G-1). Nickel was retained as a COPC at East Haul Road with HQ of 1.0.
The remaining AOIs — Northeastern and Southwestern PIAs and West Haul Road
— had HQs less than 1.0 for the surface soil (Table 11), eliminating Ni as a COPC
at these AOIls. All of the AOIs in the PIA for the subsurface soils had HQs less
than 1.0 for Ni (Table 12).

Selenium

The soil BM value for Se was 1.0 mg/kg. Selenium was retained as a COPC at the
MA but not at any of the AOIs in the PIA (Tables 11 and 12). The HQ at the MA
was 90 with a maximum concentration of 90 mg/kg for the surface soil (Table G-1).
The HQs were less than 1.0 at dl AOIs in the PIA for the surface and subsurface
soils (Tables 11 and 12).

Thallium

The soil BM value for Tl was 1.0 mg/kg. Thallium is retained as a COPC at the
MA but not at any of the AOIs in the PIA (Tables 11 and 12). The HQ for Tl at
the MA was 3.0 with a maximum concentration of 2.5 mg/kg for the surface soils
(Table G-1). The HQs were less than 1.0 for the AOIs in the PIA for the surface
and subsurface soils.

Uranium

The soil BM vaue for screening U was 5.0 mg/kg. Uranium was retained as a
COPC in the MA and each of the AOIs in the PIA based on the surface and
subsurface samples (Tables 11 and 12). The MA had the highest HQ of 96.4 with
a maximum concentration of 482 mg/kg (Table G-1). For the surface soils in the



24.15

0081-DFR-093005

PIA, the HQs were higher at the East and West Haul Roads (17.7 and 52,
respectively) than the Northeastern and Southwestern PIAs (both having HQs of
3.1) (Table 11). West Haul Road had the highest maximum concentration in the
PIA of 262 mg/kg (Table G-5). The HQs for the subsurface soils exceeded 1.0 but
less than 10 for dl of the AOIs in the PIA (Table 12). East Haul Road had the
highest HQ of 9.6 with a maximum concentration of 47.8 mg/kg for the subsurface
soil (Table G-4).

Vanadium

The soil BM value for screening V was 2.0 mg/kg. Vanadium was retained as a
COPC in the MA and each of the AOIs in the PIA based on the surface and
subsurface soils (Tables 11 and 12). The MA had the highest HQ of 66 with a
maximum concentration of 132 mg/kg for the surface soil (Table G-1).

Zinc

The soil BM value for screening Zn was 50 mg/kg. Zinc was retained as a COPC
in the MA and each of the AQIs in the PIA based on the surface soils (Tables 11
and 12). The MA had the highest HQ of 7.6 with a maximum concentration of 381
mg/kg (Table G-1). The HQs ranged between 1.2 and 2.3 for the surface soils for
the remaining AOIs. East Haul Road had a HQ of 1.0, while the remaining AQOIs
had HQs less than 1.0 for the subsurface soils.

Tota lonizing Radiation

Risk of radionuclides to aguatic, riparian, and terrestrial biota is evaluated following
the USDOE guidance (USDOE 2002). Section 2.3.2.3 presents the methodology
and criteria for screening for total ionizing radiation (TIR) using the sum-of-the-
fractions approach. Sx site-related radioisotopes — **Ra, *Ra, **Th, U, U,
and *U — were measured in surface waters, instream sediments, riparian
sediments, and soils in the MA and PIA. Following the screening methodology, the
maximum concentration detected of each radionuclide is compared to the specific
BCG of that radionuclide for each environmental medium. The sum-of-the fractions
approach combines the exposure media to derive the TIR exposure to aguatic,
riparian or terrestrial systems.

For aquatic systems risk is evauated by combining exposure of instream sediments
and surface water. Since two types of samples were collected for the instream
sediments (composite and grab), both types of sediment samples were screened
separately with the surface water samples collected in that AOI. For riparian
systems risk is evaluated by combining exposure of riparian sediments and surface
water. For terrestrial systems risk is evaluated by combining exposure of soils and
surface water for both plants and animals, respectively. Surface soils and
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subsurface soils were screened separately and compared with the surface water
nearest to the sampling site of the soils. For the MA soils, Pit 3 was used as the
medium for the surface water exposure.

For each type of system (aquatic, riparian, or terrestrial), the maximum
concentrations in each media were used for screening. If data were not available
for aparticular AOI or media, then the concentrations of the radionuclides were not
calculated. If the case where the radionuclides were not detected, the detection
limits for the non-detected radionuclide were substituted into the sum-of-the-
fractions process.

The overall exposure for aguatic and terrestrial backgrounds were calculated using
the sum-of -the-fractions process in the same manner as used for the AOIs using the
maximum concentrations of the radionuclides. The results of the background
calculations could then be used to compare with the AOIsin the MA and PIA.

2.4.1.5.1 Instream Sediments and Surface Waters

Tables H-1 to H-11 (Appendix H) present the calculations for the composite
sediments plus surface water for each AOI and Tables H-12 to H-25 present the
calculations for the grab sediments plus surface water for each AOI. Table 13
summarizes the TIR exposure for both the composite and grab instream sediments
plus surface water.

In the MA, al AOIs exceeded the TIR criterion of 1.0 rad/day. The highest TIR
exposures were observed for Fit 3 and the PCP at 88.5 rad/day and 1 rad/day,
respectively (Table 13). TIR for the remaining AOIs in the MA ranged from 1.1
rad/day to 26.8 rad/day. Only the FDR Lake and Lower Blue Creek had TIR
exposures of less than 1.0 rad/day for both the composite and grab sediment
samples (Table 13). TIRs for the other AOIls in the PIA ranged from 1.0 rad/day
at the Western Drainage to 4.8 rad/day at the Northeastern Drainage for the
composite sediments with surface water and from 1.0 rad/day at the Western
Drainage to 4.0 rad/day at the Central Drainage for the grab sediments with surface
water. It can be observed from Table 13 that the TIR contributed by surface water
is driving the risk with the rad/day exceeding 1.0 for dl AOIs, except Lower Blue
Creek, FDR Lake, and background.

2.4.1.5.2 Riparian Sediments and Surface Waters
Tables H-26 to H-31 (Appendix H) present the calculations for the riparian
sediments plus water for each AOI. Table 14 summarizes the results of the TIR

exposures. All riparian PIAs had TIR exceeding 0.1 rad/day. The highest TIR of
0.4 rad/day was at Central Drainage. Similar to the instream sediments plus surface
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water, the surface water is driving the risk for the riparian sediments with rad/day
exceeding the 0.1 rad/day criteria for riparian animals.

2.4.1.5.3 Soil and Surface Waters

Tables H-32 to H-37 (Appendix H) present the calculations for the surface soils plus
surface water to terrestrial animals and Tables H-38 to H-42 present the
caculations for the subsurface soils plus surface water to terrestrial animals for
each AOI. Tables H-43 to H-48 (Appendix H) present the calculations for the
surface soils plus surface water to terrestrial plants and Tables H-49 to H-53
present the calculations for the subsurface soils plus surface water to terrestrial
plants for each AOI. Table 15a summarizes the results of TIR exposure for
terrestrial animals and Table 15b summarizes the results of TIR exposure for
terrestrial plants.

The TIR exposures for surface soils plus water exceeded the 0.1 rad/day criterion
for terrestrial animals at four AOIs — MA, Northeast PIA, East Haul Road, and
West Haul Road. The MA had the highest TIR of 2.1 rad/day for terrestria
animals. All of the TIR for the subsurface soils plus water were less than 0.1
rad/day for terrestrial animals except the East Haul Road (Table 15a).

Only the MA had a TIR exposure that exceeded the 1.0 rad/day criterion for
terrestrial plants (Table 15b).

2.4.2 Risk Description of Screening Level Ecological Risk Assessment

A summation of the screening evaluation for assessing risk to the three ecosystems - aguatic,
riparian and wetland, and terrestria - at the Midnite Mine site is as follows:

2.4.2.1 Aquatic Ecosystems

0081-DFR-093005

Four COPCs - Sh, As, Tl, and V — are not being retained for the surface waters (as
total metals or dissolved metals) in the MA and PIA. A total of 17 COPCs as total
metds in surface waters are being retained for the BERA in the MA and PIA (Table
6). The COPCs being retained for surface waters as total metals are: Al, Ba, Be,
Cd, Co, Cr, Cu, Fe, Pb, Mg, Mn, Hg, Ni, Se, Ag, U, and Zn.

A total of 13 COPCs as dissolved metals in surface waters are being retained in the
MA and PIA (Table 7). The COPCs being retained for surface waters as dissolved
metals are: Ba, Be, Cd, Cr, Co, Cu, Pb, Mg, Mn, Hg, Ni, Ag, and Zn.

All COPCs being retained, as dissolved metals, are also being retained as total

metals. Aluminum, Fe, Se, and U retained as COPCs as tota metals were not
analyzed as dissolved metals.
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All AQIs in the MA and PIA are at risk based on the presence of COPCs analyzed
in the surface waters and are retained for further investigation (Tables 6 and 7).
Three AQIs in the MA - Pit 3, Blood Pool, and PCP - retained dl 17 COPCs as total
metals. The remaining two AOQIs in the MA - Pit 4 and Outfall Pond -had fewer
COPCs retained and the HQs were one to three orders of magnitude lower for most
of the COPCs. One exception was Ba for the Outfal Pond with a higher HQ
relative to the other AOIs. Pit 4 has 12 COPCs as total metals being retained and
the Outfall Pond has nine COPCs being retained.

Likewise, the HQs for most of the COPCs for the AOIs in the PIA were often one
to three orders of magnitude lower relative to the HQs at Pit 3, Blood Pool, and PCP.
Certain AQIs in the PIA, including Central Drainage and Northeastern Drainages,
had relaively higher HQs for several COPCs. The Central Drainage had the highest
HQs for Cd, Co, Cu, Mn, and Ni reative to the other AOIls in the PIA. The
Northeastern Drainage had the highest HQs for Al, Ba Fe, Pb, and U relative to the
other AQIs in the PIA. The highest HQs for U were at Central and Northeastern
Drainages. Upper Blue Creek has eight COPCs as total metals being retained
compared to Middle Blue Creek and Lower Blue Creek with 14 and 13 COPCs being
retained, respectively.

Four COPCs - Cr, Hg, Pb, and Tl — are not being retained for the instream sediments
(as composite or grab samples) in the MA and PIA. A tota of 17 COPCs as metals
in grab sediments are being retained for the BERA in the MA and PIA (Table 9).
The COPCs being retained are: Al, Sb, As, Ba, Be, Cd, Co, Cu, Fe, Mg, Mn, Ni, Se,
Ag, U, V, and Zn.

A total of 13 COPCs as metds in composite sediments are being retained for the
BERA in the MA and PIA (Table 8). The COPCs being retained are: Al, As, Be,
Cd, Co, Cu, Fe, Mn, Ni, Se, U, V, and Zn. All COPCs being retained from the
composite sediments are also being retained from the grab sediments. Since no
benchmark was available for V, it is being retained as a COPC.

All AOIs in the MA and PIA are at risk based on the presence of COPCs
determined in the sediments and are retained for further investigation (Tables 8 and
9). Amongst the AOIs in the MA, PCP had the highest number of COPCs (total of
17) and the highest HQs for Al, Ba, Be, Cd, Co, Cu, Mn, Ni, U, and Zn based on grab
sediments (Table 9). Pit 3 and the Outfall Pond ranked second and third in the
number of COPCs being retained with 16 and 15 COPCs, respectively. The number
of COPCs being retained at Pit 4 and the Blood Pool were 12 and 13, respectively.

The Central Drainage has 14 COPCs being retained as grab sediments. The highest
HQ for U in the PIA was a the Centra Drainage. Both the Upper and Lower
Eastern Drainages had a total of 13 COPC being retained. Middle Blue Creek and
Lower Blue Creek had 14 and 12 COPCs as grab sediments being retained,
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respectively. Upper Blue Creek and FDR Lake had the least number of COPCs
being retained as grab sediments with seven and eight COPCs, respectively.

Total ionizing radiation based on the surface water plus instream sediments exposures
exceeded the recommended U.S. DOE dose criterion of 1.0 rad/day for the
protection of aguatic animds in the MA and a most of the AOIs within the PIA
(Table 13). Surface water exposures are driving the risk with higher levels of TIR.
The exposures defined by maximum radionuclide concentrations in the MA are
considerably more elevated than in the PIA. Most of the AOIs in the PIA have TIR
exposures that are very close to the background TIR.

All nine assessment endpoints selected for this SLERA are considered at risk based
on COPCs and TIR in the surface water and sediments exceeding the screening level
criteria.

Riparian and Wetland Ecosystems

Riparian habitats only exist in the PIA. Six COPCs - Ba, Cr, Hg, Pb, Ag, and Tl —are
not being retained for the BERA for the riparian sediments. A total of 16 COPCs
are being retained for the six riparian AOIs (Table 10). The COPCs being retained
are: Al, Sb, As, Be, Cd, Co, Cu, Fe, Mg, Mn, Mo, Ni, Se, U, V, and Zn.

All riparian AQIs in the PIA are at risk based on the presence of COPCs determined
in the riparian sediments and are retained for further investigation (Table 10). The
Central Drainage had the highest number of COPCs retained for a total of 16.
Lower Eastern Drainage followed by the Upper Eastern Drainage ranked second and
third in the number of COPCs being retained with totas of 14 and 12 COPCs,
respectively. Middle Blue Creek and the Western Drainage ranked fourth and fifth
for the number of COPCs of 11 and 9 being retained, respectively. Lower Blue
Creek had the least number of COPCs being retained with five COPCs.

Total ionizing radiation exposure based on surface water plus riparian sediments
exposures exceeds the recommended U.S. DOE dose criterion of 0.1 rad/day for the
protection of riparian animals in the PIA (Table 14).

Assessment endpoints # 4, 5, 8, and 9 selected for this SLERA are exposed to
COPCs and TIR in the surface waters and/or riparian sediments in the PIA that
exceed the screening level criteria. Hence, these assessment endpoints are
considered at risk.

Terrestrial Ecosystems

Five COPCs - Sh, Ba Be, Hg, and Ag — are being retained for the surface and
subsurface soils in the MA and PIA (Tables 11 and 12). A total of 17 COPCs for
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25 Assumptions

the surface soils are being retained for the BERA in the MA and PIA (Table 11).
These are: Al, As, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, Se, Th, U, V, and Zn.

A total of 10 COPCs for the subsurface soils are being retained as COPCs in the
MA and PIA (Table 12). These are: Al, As, Cr, Fe, Mg, Mn, Mo, U, V, and Zn.

All COPCs being retained from the subsurface soils are also being retained for the
surface soils. Since no BM was available for Mg, it is being retained as a COPC.

All AQOIs in the MA and PIA are at risk based on the presence of COPCs
determined in the soils and are retained for further investigation (Tables 11 and 12).
The MA had the highest number of COPCs being retained with a total of 17 (Table
11). Four COPCs — Cd, Pb, Se, and Tl — were only retained for the MA. The East
Haul and West Haul Road ranked second and third for the number of COPCs
retained for the surface soils with totals of 14 and 11 COPCs, respectively. The
number of COPCs retained at the Northeastern PIA and Southwestern PIA are nine
and eight, respectively. The subsurface soils retained a lower number of COPCs
than the surface soils in the PIA (Table 12). East Haul Road had the highest number
of COPCs retained with atotal of ten.

The TIR exposure based on the surface water plus surface soil exposures exceeded
the recommended U.S. DOE dose criterion of 0.1 rad/day for the protection of
terrestrial animals in the MA, the Northeast PIA, and the Haul Roads (Table 153).
Only the subsurface soils for the East Haul Road had TIRs that exceeded the 0.1
rad/day criteria for terrestrial animas (Table 15a). Only the MA exceeded the 1.0
rad/day criteria for terrestrial plants (Table 15b).

Assessment endpoints # 6, 7, 8, and 9 selected for this SLERA are exposed to
COPCs and TIR in the soils and/or surface waters in the MA and PIA that exceed
the screening level criteria. Hence, these assessment endpoints are considered at
risk.

This SLERA evaluates exposure to contaminants (metals and radionuclides) through surface water,
instream sediments, riparian sediments, and soils. There are factors inherent in the ERA process
which require assumptions which need to be considered when interpreting results including the

following:

. A HQ equal to or greater than 1.0 indicates there is insufficient information to conclude
negligible risk from exposure to contaminants at concentrations measured on-site. A HQ less
than 1.0 does not indicate a lack of risk, but suggests that there is a high degree of confidence
that minimal risk exists for the given contaminant, since BM values are based on the lowest
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measurable concentration considered to be protective of the most sensitive organism in a
medium.

For worst-case scenarios, the exposure value for each contaminant used in risk estimations
was assumed to be present throughout the specific AOI and encountered at the predicted
concentration al of the time.

Maximum concentrations of contaminants (metals and radionuclides) in water, instream
sediments, riparian sediments, and soils were used for the risk calculations. The bioavailability
of each contaminant was assumed to be 100%. No assumptions were considered regarding
partitioning or the ionic species of the metals.

All BM vaues were based on the more conservative of the available published values for
each medium. These BMs were derived by methods that have proved to be conservative in
practice. For the surface water, chronic water quality criteria (WQC) defined the BM values.
In addition, the hardness-dependent metals - Cd, Cu, Pb, Ni, and Zn - were adjusted to BM
values at a water hardness of 30 mg/L CaCO,. Sediment BM values for most of the anaytes
were derived from either the consensus-based TEC values (MacDonald, et al. 2000) or the
lowest SQG value (EVS 1998). Soil BMs were based on the lowest BM available to soil
receptors following ORNL publications (Efroymson et al. 1997a, 1997b).

COPCs were retained for further investigation in the BERA if the HQ was equal to or greater
than 1.0, or a BM value was not available, or the BM value was below the sample detection
limit.

Exposure of TIR was based on comparing media-specific BCGs with maximum radionuclide
concentrations that would be considered conservative for the protection of populations, but

not necessarily for communities or individuals.

Background concentrations were not considered in the SLERA.

Conclusions

The objectives of this SLERA included the following:

I dentify the COPCs that have negligible risk with HQs less than 1.0,

| dentify the COPCs that are to be retained for the BERA for further evaluation,

Screen for therisk of TIR exceeding the recommended dose criterion to aquatic, riparian, and
terrestrial systems,

Identify the AOIs at risk, and

I dentify the assessment endpoints at risk.

The Risk Description section (Section 2.4.2) summarized the COPCs being retained for surface water,
instream sediments, riparian sediments, and soils in the MA and PIA. Each environmental matrix
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poses risk to the aquatic, riparian, and terrestrial biota based on the number of COPCs being retained
for each environmental matrix and the concentrations of the COPCs. Tables 6 through 12 identify the
COPCs being retained for the BERA based on HQs equal to or greater than 1.0, or the BM value was
greater than the SDL, or a BM vaue was not available. Screening for COPCs was considered
conservative given that the maximum concentration determined at each AOI defined the exposure and
also, given that the BM values are based on concentrations of chemicals that are reasonably
considered to be the highest acceptable concentration at or below which there should be no adverse
environmental effects. Certain COPCs (Al, As, Be, Cd, Co, Cu, Pb, Mn, Ni, U, and Zn) based on
their high concentrations and their distribution in the matrices are expected to be the primary drivers
of risk for selected media. Other COPCs (Ba, Fe, Mg, Hg, Ag, Tl, V) are expected to impose minimal
risk depending on the matrix. The BERA problem formulation (Section 3.0) will further categorize
the COPCs being retained based on their level of risk.

The screening for TIR based on the exposures of the mine-related radionuclides indicated: 1) that the
recommended USDOE dose criterion of 1.0 rad/day was exceeded for the protection of aquatic
animds in the MA and PIA; 2) that the recommended USDOE dose criterion of 0.1 rad/day was
exceeded for the protection of riparian animals in the PIA; 3) that the recommended USDOE dose
criterion of 0.1 rad/day was exceeded for the protection of terrestrial animalsin the MA and PIA; and
4) that the recommended USDOE dose criterion of 1.0 rad/day was exceeded for the protection of
terrestrial plants only in the MA. Tables 13 to 15b summarize the TIR screening calculations. TIR
exposures were significantly higher in the MA compared to the PIA. Screening for TIR was
considered conservative given that the sum-of-the-fractions were determined from maximum
concentrations of each radionuclide and that the background levels of TIR were not applied to the
calculations. The BERA will continue the USDOE graded approach to further investigate TIR
exposures in the MA and PIA.

It was concluded that dl AOIs in the MA and PIA are at risk based on the COPCs being retained for
each environmental matrix. Certain AOIs in the MA, particularly Pit 3, the Blood Pool and the PCP,
had higher numbers of COPCs being retained and had higher concentrations of COPC relative to the
AOIlsinthe PIA.

It was also concluded that the nine assessment endpoints selected for the SLERA are at risk in the

MA and PIA. More specific assessment endpoints relevant to exposure to receptors at the Midnite
Mine site are provided in the BERA Problem Formulation (Section 3.0).
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3.0 PROBLEM FORMULATION FOR THE BASELINE ECOLOGICAL RISK ASSESSMENT
3.1 Overview of Problem Formulation

The problem formulation phase of the baseline ecological risk assessment (BERA) includes Steps 3
and 4 of the eight-step Superfund process (U.S. EPA 1997). Step 3 refines the screening-level
problem formulation and expands on the ecological issues of concern at the Midnite Mine site. In Step
3, the results of the screening assessment (SLERA) and additiona site- specific information are used
to determine the scope and goas of the BERA. The components of the Step 3 process in this BERA

include:

. Refining preliminary contaminants of potential concern (COPC) retained from the SLERA;

. Reviewing the total ionizing radiation (TIR) exposures defined in the SLERA,;

. Further characterizing ecological effects of contaminants;

. Reviewing and refining information on contaminant fate and transport, complete exposure
pathways, and ecosystems at risk;

. Selecting assessment endpoints; and

. Developing a conceptual model with working hypotheses or questions that the site

investigation will address.
Step 4 is presented in Section 4 of this report; it provides the analysis plan and completes the

conceptual model begun in Step 3 with the development of the measurable attributes (e.g., measures
of effects and measures of exposure) for each of the assessment endpoints.
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3.2 Overview of Contaminants of Potential Concern

The SLERA presented in Section 2 retained COPCs if the hazard quotient (HQ) was equal to or
greater than 1.0, or no benchmark value (BM) for the environmental media was available, or the BM
was less than the sample detection limit (SDL). In some cases, certain analytes were retained as
COPCs as no judtification exists enabling conclusions that “no substantive toxicological risk” would
be derived depending on the environmental media. However, a rationae for no further risk evaluation
for these specific anaytes are provided. This rationale includes the unlikelihood of these analytes
posing risk in specific media as a result of the anticipated mineral or chemical form of that element,
and/or the general knowledge that the elements tend not to adversely impact ecosystems, or evidence
does not exist that the source of the analyte is mine-related.

This overview refines the COPCs by excluding certain COPCs carried over from the SLERA based
on judtification presented below. The justification presented for excluding certain analytes should be
viewed as “risk management decisions” by the EPA; no “technically based conclusions’ are being
made as to whether or not these particular analytes pose any ecologica risk in the specified media.

The COPCs to be evaluated in this BERA could potentially be associated with ecological risk for
which clean-up criteria may need be developed. The primary COPCs to be evauated are identified
for the aquatic, riparian/wetland, and terrestrial ecosystems in the MA and PIA.

3.2.1 Aquatic Ecosystems

Four andytes - Al, Hg, Fe, and Mg - depending on the environmental media (surface water
or instream sediments) have been identified as COPCs to be excluded from further evauation
in this BERA based on the technical justifications provided below.

Aluminum

Aluminum is the third most abundant element in the earth’s crust, being a major constituent
of clays and other complex minerals. Aluminum is generally insoluble in natural waters in the
normal pH range (6.5 to 8.0) of most surface waters. Aluminum can be mobilized from soils
or sediments under low pH (less than 5.0) conditions that is often evidenced from acid mine
drainage and acid deposition. It is the mobilization of Al from soils or sediments to soluble Al
forms that would impose risk to aguatic organisms. When surface waters are at low pH, Al
can bein free ionic and/or hydroxide forms which cause adverse effects to aquatic organisms.
In addition, the organic matter content of the media (soil, sediment or water) does influence
the form of Al and thereby the potentia for adverse effects. Low organic matter contents
have a greater potential for an adverse effect.

The exposure of Al compounds in sediments or soils from oral intake by aquatic, riparian, or

terrestrial organisms to cause adver se effects is dependent on the specific form or structure
of the Al compound. Insoluble Al compounds like oxides or the mineral forms associated with
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clay or sediment particles are considerably less toxic than soluble forms. Toxicologicaly, Al
exerts its effects mainly through interference with phosphorous availability and/or absorption
by chemically binding/reacting with the phosphorous and subsequently resulting in a
phosphorous deficiency in the organism. Phosphorous becomes unavailable in the digestive
tract due to the insolubility of auminum phosphate. The ability of Al to react such that a
phosphorus deficiency occurs is dependent on the chemical form of the Al, typicaly this
requires that the Al be in awater soluble or “afreeionic” form.

The digestive tracts of many animals, particularly mammals and birds, have low pH systems.
However, toxicological evidence of adverse effects from the oral toxicity of Al compounds
appears primarily limited to soluble forms of Al which can immediately react with the
phosphorous in the animal’ s system, as opposed to insoluble forms of Al like the minera forms
associated with sediment or soil particles.

In summary, Al in surface waters may pose an environmental risk depending primarily on pH
conditions. Since low pH conditions of the surface or ground waters can occur in and around
the Midnite Mine site, Al is retained as a COPC for surface water. However, it is recognized
that Al in sediments or soils can potentidly be a source of Al as aresult of the mobility from
low pH water, but would not be expected to impose adverse effects via oral toxicity.
Subsequently, Al in sediments is not being evaluated any further in this BERA.

Mercury

Two BM values for surface water were used for screening Hg in the SLERA one from the
National Recommended Water Quality Criteria (NRWQC) and the other from the Spokane
Tribe Water Quadlity Criteria (STWQC). When applying the NRWQC BM of 0.77 pg/L, either
the HQ was less than 1.0 or the BM value was greater than the SDL. When applying the
STWQC BM vdue of 0.012 ug/L, the BM value was less than the SDL for most of the AOIs
or the HQ was greater than one for a few samples that detected Hg just above the SDL
thereby retaining Hg as a COPC for the SLERA.

Andytical detection limits for Hg at or below the STWQC requires ultra-clean techniques
which are not typicaly done unless specific information is available to indicate that a Hg
source exists in a system or site. At the Midnite Mine site the mineralogy does not indicate
that it would be a source for Hg. In addition, Hg was not used in any known process at the
mine, eliminating Hg as a source from any mining process. The SLERA did not retain Hg as
a COPC for either sediments or soils at any of the AOls.

Mercury is known to be a toxic metal that can bioaccumulate in aquatic systems when it is

biologicdly transformed into organo-mercury compounds. Organo-mercury compounds are
highly toxic. However, the transformation of inorganic Hg to organo-mercury compounds
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would be unlikely given the environmental settings of the Midnite Mine site. Transformation
of inorganic Hg to organo-Hg is typicaly a biologicaly mediated process and is promoted by
anoxic conditions predominantly in sediments. This typically occurs in water bodies which are
closed (e.g., pond and lakes) and where the bottom sediments have high organic contents to
produce the anoxic conditions in the subsurface sediments. These conditions are not
prevalent within the boundaries of the Midnite Mine Site. The waterbodies are generaly highly
aerated and flowing, and the sediments are highly minera. Additionaly, there is high
groundwaer conductivity with Blue Creek being a largdy “gaining” stream (receiving
substantial groundwater discharge to the flow). Subsequently, the conditions existing in the
Blue Creek drainage would not be anticipated to promote the generation of organo-Hg; and
thereby impose risk via Hg bioaccumulation.

In summary, Hg was mostly undetected in surface water samples at the SDL reported. In
addition, no known sources of Hg have been identified mineradogicaly or from mining
operations. Subsequently, Hg is not being evaluated further in this BERA.

lron

Iron is the fourth most common eement in the earth’s crust providing a wide variation and
distribution of Fe minerals in surface water, sediments, and soils. Iron is an essential micro-
nutrient to most forms of life from plantsto man andisinternally regulated by most organisms.
The SLERA retained Fe as a COPC in surface water and sediments at most of the AOIs in
the MA and PIA (Tables 6, 8, and 9). The BM vaues used in the SLERA were 1,000 pg/L
(1.0 mg/L) for surface water based on NRWQC and 10,000 mg/kg for sediments based on
alow sediment quality guiddine (SQG) as described in Section 2.3.2. Many aquatic systems
naturaly maintain Fe concentrations in surface water above the NRWQC with no adverse
effects. In addition, SQG's can vary from the 10,000 mg/kg to greater than 200,000 mg/kg for
the mid and high SQG values for Fe, respectively (Table 4).

The release of excessive amounts of Fe is common at mining sites as aresult of the leaching
of Fe from the mineral rocks. The environmental threats posed by the release of Fe in aquatic
systems are frequently a function of the precipitation of Fe oxides resulting in the smothering
and embedding of the bottom substrate of the water body. This embedding of the aquatic bed
material eliminates avalable habitat for benthic organisms and destroys spawning areas for
fish. Essentidly, the adverse effect caused by the formation of Fe oxides imposes a physical
impact to the aguatic system and can usualy be visibly observed. However, at the Midnite
Mine site neither the historic stream studies of Blue Creek or observations in the current
stream survey (Appendix O) indicate any visible signs of the presence of Fe-oxide, embedding
the stream bottom in Blue Creek or the Eastern Drainage.

Since Fe was analyzed in surface waters and sediments in the MA and PIA that were above
the BM, it cannot be concluded that Fe does not pose risk to any of the aguatic assessment
endpoints, based upon the data available to this ERA. However, given the lack of adverse
toxicologica threats from Fe exposure and the absence of observed Fe-related habitat
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impairment, Fe is not evaluated further as a COPC in the aquatic systems in either water or
sediment.

Magnesium

Magnesium constitutes about two percent of the earth’s crust. It is widdy distributed in ores
and minerals. Sinceit is very active chemicaly, it is not found in the elemental state in nature.
Most Mg sdlts are highly soluble. Magnesium is one of the mgor minerals recognized as an
essential nutrient for animals. Magnesium is also one of the mgjor cationsin aquatic systems
and is typically amajor element in sediments.

Water hardness is a function of the concentration of Mg and Ca. Hardness can influence the
availability and toxicity of hardness-dependent metals (e.g., Cd, Cu, Cr, Pb, Ni, Zn). Typicaly,
higher hardness results in lower availability and toxicity of these hardness-dependent metals.

Although Mg can cause stress to aguatic organisms based on shifts of water hardness, Mg
is not considered a toxin in the same manner as other metals. Since Mg in surface waters and
sediments in the MA and PIA was above the BM values, it cannot be concluded that Mg does
not pose any risk to any of the aguatic assessment endpoints, based upon the data available
to this ERA. However, the potential for ecologica threats from Mg can not be evaluated here
without additiona studies; therefore, Mg will not be evaluated in this BERA.

COPCs Being Retained for Surface Water and Instream Sediments for the BERA

The primary COPCs in surface waters being retained for further evauation in this BERA are
Al, Ba, Be, Cd, Co, Cr, Cu, Pb, Mn, Ni, Se, Ag, U, and Zn.

The primary COPCs in sediments being retained for further evaluation in this BERA are Sb,
As, Ba, Be, Cd, Co, Cu, Mn, Ni, Se, Ag, U, V, and Zn.

3.2.2 Terrestrial Ecosystems

Three analytes - Al, Fe, and Mg - have been identified as COPCs to be excluded from further
evaluation in this BERA based on the technica justifications provided below.

Aluminum

As presented in the above Al discussion with aguatic ecosystems, Al is a major constituent
of clays and other complex minerals. The EPA recognizes that due to the ubiquitous nature
of Al, the natural variability of Al in soil and the availability of conservative soil screening
BMs (Efroymson et al.1997a, Efroymson et al. 1997b), Al is often identified as a COPC for
ERAs. The commonly used soil screening BM values are based on laboratory toxicity testing
using an Al solution that is added to test soils. The U.S. EPA has deemed that comparisons
of total Al concentrations in soil samples to soluble Al-based screening values are
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inappropriate (EPA 2000). The standard analytical measurement of Al in soils using CERCLA
laboratory proceduresis total recoverable metal. The following conclusions ( EPA 2000) were
derived from the available data on the environmental chemistry and toxicity of Al in soils to
plants, soil invertebrates, mammals, and birds:

- Total Al in soil is not correlated with toxicity to tested plants and soil invertebrates.
- Aluminum toxicity is associated with soluble Al.

- Soluble Al, and not total Al, is associated with the uptake and bioaccumulation of Al
from soils to plants.

- The oral toxicity of Al compounds in soil is dependent upon the chemical form.
Insoluble Al compounds such as duminum oxides or the mineral forms associated
with clays or soil particles are considerably less toxic compared to soluble forms.

Ecological risk associated with Al are identified based on the measured soil pH. Aluminum
can be identified as a COPC when the soil pH is less than 5.5. Soil pH values at the Midnite
Mine site tend to be above 6.0 with the exception of a few samples in the MA (Tables M19
to M27).

Aluminum exerts its effects toxicologically mainly through interference with phosphorous
availability and/or absorption, by chemicdly binding/reacting with the phosphorous, resulting
in a phosphorous deficiency in the organism. The digestive tract of many animals, particularly
mammals and birds, have low pH conditions with their systems. Toxicological evidence of
adverse effects by Al appear to be limited to instances where Al is administered in a form
which can immediately react with the phosphorous in the animals system, as opposed to
insoluble forms of Al like the mineral forms associated with sediment or soil particles.

Aluminum in soils and or sediments can be a source of soluble Al as a result of the mobility
from low pH water, but would not be expected to impose adverse effects. For the reasons,
Al in soil will not be evaluated further in the BERA.

Iron

Iron is the fourth most common element in the earth’s crust and is also a required micro-
nutrient that is internally regulated by most organisms. Release of excessive amounts of Fe
is a common occurrence at mining sites as Fe is leached from the base mineral rocks of
mines. The environmental threat posed by Fe is typicaly confined to the adjacent aguatic
system where Fe oxides may precipitate. While the Fe in soils may be a source to the aquatic
system and thereby a risk, the risk is not from exposure to the soil Fe content. Therefore, Fe
will not be evaluated further in this BERA.

Magnesium
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3.3

Magnesium is an essential element, a mgjor constituent of bone, and is highly regulated in
animals. Massive doses of highly available forms of Mg can cause deleterious effects in
animals, including reduced feeding and diarrhea, athough in extreme circumstances lethality
can occur. In birds, Mg appears to act similar to Al in that phosphorous absorption and
regulation are affected.

Given that no refined forms of Mg are known to be present at the Midnite Mine Site and that
Mg is an essential nutrient, the risks of Mg in soils and/or sediments are not evaluated further
in this BERA.

COPCs Being Retained for Soils

The COPCs in surface soils being retained for further evaluation in this BERA are As, Cd,
Cr, Co, Cu, Pb, Mn, Mo, Ni, Se, Tl, U, V, and Zn.

The primary COPCs in subsurface soils being retained for further evaluation are As, Cr, Mn,
Mo, U, V, and Zn.

3.2.3 Riparian and Wetland Ecosystems
Three analytes - Al, Fe, and Mg - that were identified as COPCs in the instream sediments
and soils discussed in the previous sections will also be excluded as COPCs in the riparian

sediments from further evaluation in this BERA.

COPCs Being Retained for Riparian Sediments

The COPC:s in riparian sediments being retained for further evaluation in this BERA are Sb,
As, Be, Cd, Co, Cu, Mn, Mo, Ni, Se, U, V, and Zn.

Overview of Total lonizing Radiation Exposures

The SLERA followed the genera screening method using the sum-of-the-fractions approach (U.S.
DOE 2002) for screening the risk of site-related radionuclides to aquatic, riparian, and terrestrial biota.
The SLERA was based on comparing the maximum concentration of each radionuclide with the
conservative limiting biota concentration guide (BCG) for each type of environmental media for each
radionuclide. Total ionizing radiation for the surface water plus instream sediments exposures
exceeded the recommended U.S. DOE dose criterion of 1.0 rad/day for the protection of aquatic
animals at dl AOIs in the MA and at several AOIs within the PIA (Table 13). For the riparian AOIls
in the PIA, TIR based on the surface water plus riparian sediment exposures exceeded the
recommended U.S. DOE dose criterion of 0.1 rad/day for the protection of riparian animals (Table
14). Total ionizing radiation for the surface water plus surface soil exposures exceeded 0.1 rad/day
for the protection of terrestrial animals in the MA, Northeast PIA, the East and West Haul Roads
(Table 15a). Only the MA exceeded the 1.0 rad/day criteria for terrestrial plants (Table 15b).
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3.4

3.5

Contaminant Fate and Transport

The MA is approximately 0.5 miles wide by one mile encompassing an approximate 343-acre area
(Figures 1 and 3). The ground surface of the MA was highly disturbed by mining operations. Most of
the MA is unvegetated or sparsely vegetated. During mining, severa pits and subpits were excavated.
Overburden and waste rock were used to backfill some of the pits and altered the surface terrain,
filling portions of the natural drainages in the area and creating severa large piles. Metal and
radionuclide contamination in the MA is extensive. Considerably higher concentrations of COPCs and
radionuclides are found in the surface water, sediments, and soils in the MA than in the PIA.

The PIA adjacent to the MA was affected by mining activities via transport of site-related
contaminants to the downstream drainages and downwind areas (Figures 1 and 2). Site-related
contaminants migrate from surface water runoff to the drainages and to groundwater where they may
be discharged to Blue Creek. The upland areas are largely undisturbed physically by the mining
activities, but are potentially affected by the MA from aerial deposition. The East and West Haul
Roads, unpaved roads surfaced with gravel believed to originate from the MA protore stockpile,
provide access through the PIA to the MA. In addition, materials lost from haul trucks and dust or
runoff from the roads may have affected areas adjacent to the roads (URS 2002).

Runoff from the MA enters seven drainages (Figures 2 and 3). The Eastern Drainage receives flow
from the Northeastern Drainage and, south of the site, from the Western and Central Drainages
before entering Blue Creek. All the other PIA drainages also flow into Blue Creek, except the Far
Western Drainage, which flows west toward FDR Lake. Seeps emerge at severa locations along
the Western, Central, and Eastern Drainages. The seep water is collected and pumped back to ether
the Pollution Control Pond (PCP) or Pit 3 year-round. The Central Drainage has intermittent flow
below its pumpback station, while the reach of the Western Drainage below its pumpback station has
perennia flow. Flow from the Central and Western Drainages converge and join the Eastern Drainage
that flows into Blue Creek (Figures 1 and 2). Flow in these drainages from late Fall to Spring is
dominated by precipitation, snow melt and groundwater discharge. Base flow is predominantly
groundwater discharge. The onsite waste treatment facility (WTF) operates from Spring into late Fall.
The WTF receives water from PFit 3 and Pit 4 and removes metals in a batch process involving the
application of barium chloride and lime. The treated water from the WTF is discharged to the Eastern
Drainage. This WTF, which began operations in 1992 and is regulated under a federal discharge
permit, can contribute greater than 95% of the flow to the Eastern Drainage from Spring to Fall when
it is discharging. However, when the WTF is not operating, the flow in the Eastern Drainage (apart
from collected seep water) flows to Blue Creek. The water is largely groundwater discharge, which
may be impacted by the MA.

A literature search was conducted to obtain information on the fate and transport of each COPC. This
information is presented in Appendix I.

Ecological Effects
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3.6

Literature searches were conducted to obtain information on the ecological effects for dl of the
COPCs to mammals and hirds. Literature was reviewed to provide a general overview of the toxicity
and toxic mechanism for a given COPC for various exposure routes. Toxicological profiles for
mammals and birds are provided in Appendix J. Table 16 presents the No Observable Adverse Effect
Level (NOAEL) and Lowest Observable Adverse Effect Level (LOAEL) of each COPC.

Literature searches were aso conducted to obtain ecological effects information for amphibians.
Appendix K provides the studies evauating adverse effects of metals to amphibians. A paucity of
literaure on toxicological effects to amphibians limited the presentation of a more comprehensive
assessment for this ERA. Most of the toxicological profiles are derived from studies in water with
a few studies in sediment and from dietary exposure. Table 17a presents the NOAEL and LOAEL
for those COPC for which data was available.

Site Ecosystems

Section 2.2.1 provides overviews of the three ecosystems at risk- aguatic, riparian and wetland, and
terrestrial - at the Midnite Mine Site. A more detailed characterization of the ecological habitats and
biota of the site have been presented in the Technica Memorandum, Ecological Characterization
of Midnite Mine (URS 2000).

3.6.1 Exposure Pathways

Potential complete exposure pathways include direct contact with contaminated media,
ingestion of contaminated food items or surface water, incidental ingestion of soil or sediment,
dermal contact, and inhadation. Dermal contact and inhalation pathways of exposure are
difficult to evaluate because they are difficult to quantify and little information is available in
the literature on contaminant effects on wildlife species through these pathways. However,
these exposure pathways are believed to be smal (when compared to the significance of the
ingestion pathways).

Table 1 summarizes the exposure pathways to soil organisms, aquatic and amphibian
receptors, and terrestrial and riparian wildlife.

3.6.1.1 Exposure Pathways, Aquatic Systems

The aquatic habitat in the MA consists of Pits 3 and 4, Blood Pool, and the PCP. In
addition to the high concentrations of metals and radionuclides in the surface water
and sediments of these lacustrine habitats, they are also characterized by low pH and
high dissolved solid concentrations that would further impose risk to many aquatic
organisms.

Surface water runoff, snowmelt, and groundwater flow from the MA to the PIA
drainages and to Blue Creek. Contaminants are present in surface water and
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3.6.1.2
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groundwater and have accumulated in the sediment. Components of the stream
ecosystem exposed to site-related contaminants include the periphyton, benthic
macroinvertebrates, and fish.

Benthic and infauna organisms inhabit the sediment and directly absorb contaminants
through dermal contact with sediment particles and interstitial water, as well as
through ingestion of contaminated food items and incidental ingestion of sediment.
For benthic and infaunal organisms, the interstitial water phase may represent a
substantial portion of the respired fluids; however, for other organisms, such as fish,
respiration of interstitial water is considered a minor exposure route.

The water column represents the primary source of exposure for fish. Fish absorb
contaminants through dermal exposure and through respiration. A number of
chemical factors affect the rate of absorption through the dermal layer, gills, or the
cell membranes including concentration, molecular size, water and lipid solubility,
extent of ionization, hydrolysis of the chemical at the pH of the epidermis and dermis,
and duration of exposure. Additionally, transfer of chemicals across a dermal
membrane is a function of the amount of exposed dermis in contact with the
contaminated media. Fish may aso be exposed to contaminants through the ingestion
of contaminated food items and incidental ingestion of sediment.

The periphyton community is comprised of algae, bacteria, fungi, and meiofauna held
in a polysaccharide matrix attached to submerged strata in a stream. Direct contact
with surface water is the primary exposure route. Periphyton absorb contaminants
from surface water through direct contact.

Due to the dynamic nature of the sediment, interstitial water, and surface water, this
ERA did not attempt to quantify the exposure of macroinvertebrates, fish, and
periphyton through each exposure route described above. Measures of exposure
were instead evauated based on contaminant concentrations detected in the surface
water and sediments.

Exposure Pathways, Terrestrial Systems

The terrestrial habitat in the MA is primarily unvegetated with the exception of small
areas of coniferous forest and some revegetation projects. The lacustrine habitats in
the MA present attractive nuisances to various wildlife (e.g., deer and elk) for
watering and consuming salt deposits. In addition, the MA offers habitat that attracts
certain types of organisms to reside including the cliff swallow and the marmot.

The Upland PIA is largely undisturbed by mining activities and is dominated by an
overstory of either Ponderosa pine or a mixture of Ponderosa pine and Douglas fir.
An overview of the plant and animal communities that could be utilizing the Midnite
Mine site has been previously described (See Section 2.2.1.3).
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The soil community is exposed to contaminants through direct contact with the soil
and soil interstitial water. Additional exposure may result from the ingestion of
contaminated food items. The soil community may also be indirectly affected by a
change in ecosystem functions, such as nutrient cycling and energy transfer, that are
important to growth and reproduction.

The vascular plant community is exposed to contaminants through direct contact with
the soil and soil pore water. Vegetation may also be indirectly affected by a change
in ecosystem functions, such as nutrient cycling and energy transfer, that are
important to growth and reproduction. The presence of contaminated soil not only
places plants at risk, but also affects the organisms that utilize vegetation for food and
habitat.

Mammals, such as voles, raccoons, mink, deer, marmots, and coyotes, may utilizethe
MA and PIA for food. Such mammals may feed on vegetation, fish, invertebrates,
and other terrestrial smal mammals. Therefore, mammals may be exposed to
contaminants through ingestion of contaminated food items. They may also be
exposed to contaminants through ingestion of contaminated water; incidental ingestion
of contaminated sediment or soil; direct contact with contaminated water, sediment,
or soil; and inhalation.

Birds residing and/or utilizing either the MA or PIA inhabit the brush land or forested
sites of the system. Some birds, like the bald eagle, are piscivorous; others are
insectivorous and feed on soil macroinvertebrates or other insects. Carnivorous birds
feed on smadl mammas or soil invertebrates that may have accumulated
contaminants in their tissues, while omnivorous birds may feed on a variety of
contaminated items. Therefore, these birds may be at risk through ingestion of
contaminated food items, water, and soil or sediment, as well as through inhalation of
contaminants or direct contact with contaminated soil or sediment.

Amphibians may be exposed to contaminants through direct contact with
soil/sediment particles, ingestion of contaminated food items or incidental ingestion of
soil/sediment, and direct contact with surface water.

Exposure Pathways, Riparian/Wetland Systems

The banks and low lying areas bordering the Eastern, Central, and Western
Drainages and Blue Creek are considered riparian and/or wetland habitats in the
PIA. These riparian and wetland systems are considered biologically productive
systems and important wildlife habitats providing food, cover, and travel routes for a
diversity of wildlife.
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The wetland plant community is exposed to contaminants through direct contact with
the soil and soil pore water. Vegetation may also be indirectly affected by a
reduction in ecosystem functions, such as nutrient cycling and energy transfer, that
are important to growth and reproduction. The presence of contaminated soil not
only places plants at risk but affects the organisms that utilize vegetation for food and
habitat.

Aquatic and semi-aguatic organisms inhabit the wetlands and directly absorb
contaminants through dermal contact with soil and interstitial water, through ingestion
of contaminated food items, and through direct contact with surface water. For
benthic and infaunal organisms, the interdtitil water phase may represent a
substantial portion of the exposure.

3.7 Assessment Endpoints

Assessment endpoints are explicit expressions of the actual resources that are to be protected.
Vduable ecologica resources include those without which ecosystem function would be significantly
impaired or those providing critical resources (e.g., habitat). Appropriate selection and definition of
assessment endpoints are critical to the utility of an ERA as they focus risk assessment design and
analysis. It is not practical or possible to directly evaluate risks to al of the individual components of
the ecosystem on-site, so assessment endpoints are used to focus the risk assessment on particular
components of the ecosystem that could be adversely affected by the contaminants associated with
the site. In generd, the assessment endpoints selected for the site are aimed at the viability of aquatic
and terrestrial trophic levels and organism survivability.

By protecting each of these assessment endpoints, the aquatic and terrestrial ecosystems should be
protected based on the concepts of trophic dynamics/energy transfer, and population and community
dynamics. Trophic dynamics is based on the assumption that plants and animals can be placed into
feeding groups or trophic levels, where the energy from one level can be passed onto the level above
it, thereby keeping the system in a state of equilibrium (Smith 1990). An example of a smple trophic
leve transfer would be a plant (primary producer), which is eaten by an herbivore, which is eaten by
a carnivore. Trophic/energy transfer is an important consideration when assessing ecosystem health,
as deleterious effects to any one level may affect the overall energy budget of the system. In a
system impacted by contaminants, trophic transfer takes on another level of importance as energy
transfer may now include the potentia transfer of contaminants up the food chain through
bi oaccumul ati on/biomagnification.

The concepts of population and community dynamics are also integral to the concept of trophic
dynamics. A population may be defined as a group of individuals of the same species in an
ecosystem. Populations occupy specific niches in the community and therefore within the energy
budget of the ecosystem. As such, population level effects, that is, factors affecting mortality,
reproduction, immigration, etc., are critical to energy transfer and community dynamics. A community
may be defined as a group of populations living together in an environment that interact through
competition, predation, mutualism, etc. Community interactions influence community attributes such
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as species abundance and diversity, which are critica parameters in the assessment of ecosystem
structure and energy transfer. Protection of an ecosystem must take into consideration trophic,
population, and community dynamics.

While the assessment endpoints being selected for these ERAS focus primarily on the specific effects
to the trophic levels of the terrestrial, riparian, wetland, and aquatic communities, it is with an
understanding that these trophic levels and communities do not exist in a “black box”, but rather
interact with and affect the trophic dynamics of other communities and populations. For example,
some of the assessment endpoints chosen for this ERA examine trophic levels and communities that
function as both predators and prey. Predation, while critical to energy transfer in the system, also
plays an important role in regulating and maintaining population size, species abundance, and diversity.
For example, piscivorous/aguatic feeding birds prey on fish and benthic organisms, thereby potentially
affecting the densty and diversity of these populations and communities. Conversely, the
piscivorous/aquatic feeding birds may also serve as prey items to upper level carnivores and contribute
to regulating the density and diversity of upper trophic levels. The concept of energy transfer is
critical, and will be discussed individually for each endpoint. The overall assessment endpoint for this
ERA is viability of the aquatic, riparian, and terrestrial ecosystems associated with the Midnite Mine
Site.  As such, each of the specific assessment endpoints listed are sub-categories of this overall
endpoint.

Assessment endpoints for characterizing the risk of metas in the MA and PIA are grouped into three
categories encompassing aguatic ecosystems, terrestrial ecosystems, and riparian/wetland ecosystems.
A fourth group of assessment endpoints focus on the risk related to the TIR exposure.

3.7.1 Aquatic Ecosystems

Flowing water ecosystems are important for maintaining unique assemblages of organisms;
for processing energy, organic matter, and nutrients; for receiving materials from the land and
ar and transforming them and transporting them to downstream areas and ultimately to the
oceans; and for providing sustenance, protection, and corridors for movement of organisms.
A large portion of the following discussion was derived from Minshall (1998; Appendix A).
Stream ecosystems are comprised of an interacting set of abiotic and biotic factors operating
within a variety of spatial and tempora dimensions. Abiotic factors can be physical (e.g.,
flow, substrate, suspended matter, temperature, and channel morphology) or chemical. Biotic
factors are either structural or functional. Structura attributes include diversity, trophic
composition, abundance and biomass, while functional attributes are related to processes such
as energy flow and materials cycling. Structural and functional ecosystem components
operate semi-independently and an understanding of both components is necessary to describe
an ecosystems state or condition. The biotic community in a given area interacts with the
physical and chemical environment to produce a flow of energy, which leads to discernable
structural and functional organization and cycling of materials.

The hedlth of the stream has a direct impact on the health of the entire ecosystem; impacts
to the stream relate directly to degradation of the whole ecosystem. Maintenance of stream
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structure and function is important, since it provides habitat for many species of plants and
animals. Streams also process and transport energy, organic matter, and nutrients. Biota
utilizing the stream corridor often rely extensively on the resources (e.g., forage) provided by
the stream to support survival, growth, and reproduction.

3.7.11

3.7.1.2

0081-DFR-093005

Assessment Endpoint #1: Viability and Function of the Periphyton Community

The periphyton community is comprised of algae, bacteria, fungi, and meiofauna held
in a polysaccharide matrix attached to submerged strata in a stream. Benthic algae
are generally the dominant group of organisms in the periphyton community. Stream
periphyton communities can be affected by nutrient or sediment loading, light,
temperature, water velocity and grazing pressure.

Benthic dgae play a role in the stream ecosystem; they are at the base of the stream
food web. Photosynthesis by algae fixes carbon and provides food for herbivores,
as well as providing oxygen for aerobic organisms in the stream. Even in streams
where alga biomass is low, the food quadity of algae is often much higher than that
of detritus, representing a more nutritious food resource for stream inhabitants.

An important role of benthic bacteria is the assimilation of dissolved materials from
the overlying water. This results in the transfer of organic carbon associated with
dissolved organic matter (DOM) from the overlying stream water to surfaces where
it can be metabolized by benthic microbes; this represents an important source of
organic matter and energy to the periphyton community.

The periphyton community was determined to be of concern due to itsrole in energy
flow, its potential for exposure to contaminants, and its role as a food source for
higher trophic level organisms. Therefore, periphyton community viability and
function is a valid assessment endpoint for this ERA.

Assessment Endpoint #2: Viability and Function of the Benthic Macroinvertebrate
Community

The benthic macroinvertebrate community of small streams is typicaly diverse
taxonomically, morphologically, and physiologically, and often consist of numerically
abundant populations. Additionally, the benthic macroinvertebrate community plays
a key role in ecosystem functions such as nutrient cycling and organic matter
processing, and is a food resource for the pelagic community, including fish, as well
as semiaguatic organisms such as birds and mammals.

As mentioned above, most of the energy available to stream ecosystems is fixed in
the riparian area or upstream reaches. Energy is introduced in three forms including
coarse particulate organic matter (CPOM; leaves and other debris), fine particulate
organic matter (FPOM; drift and small particles), and DOM. Because most
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headwater streams receve their energy supply from the riparian area, the mgjority
of first level consumers are detritus-feeders. Leaves and debris that enter the stream
lodge against banks, debris, and stones and lose organic matter as water leaches
soluble material from the tissue. The leachate becomes part of the DOM. The
surface of the leaf is rapidly colonized by bacteria and fungi and is attacked by
shredders such as craneflies, caddisflies, and stoneflies that feed on CPOM.
Although these organisms break down the organic matter, they derive most of their
energy and nutrients from the bacteria and fungi. Of the material they ingest,
shredders pass a substantial amount as feces which become part of the FPOM.
Broken up by the shredders and partidly decomposed by the microbes, the leaf
becomes part of the FPOM which aso includes some precipitated DOM. The
FPOM is accumulated by collectors (fine particle detritivores), which include black
flies and netspinning caddisflies.

Although not dominant, primary consumers also feed on the periphyton community
and include the bestle larvae and mobile caddisfly larvae. Much of the materia they
scrape loose enters the drift as FPOM. Predaceous organisms feeding on the detrital
feeders and scrapers include insect larvae such as the dobsonfly.

The benthic macroinvertebrate community was determined to be of concern due to
its role in energy flow and materials cycling, its potential for exposure to
contaminants, and its role as a food source for higher trophic level organisms.
Therefore, viahility and function of the benthic macroinvertebrate community is a
valid assessment endpoint for this ERA.

3.7.1.3 Assessment Endpoint #3: Viability and Function of the Fish Community
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The fish community in a stream plays a key role in ecosystem functions such as
energy flow, nutrient cycling and organic matter accumulation, and is a food resource
for higher trophic level species. Fish present in flowing water ecosystems are
adapted for particular habitats through morphological, physiological, or behavioral
adaptations. Strong active swimmers such as trout, suckers, some minnows, and
darters inhabit riffle and other areas of rapid flow. These species seek refuge from
the current behind boulders or are strongly associated with the substrate; they feed
by actively encountering drifting macroinvertebrates. The coarse substrate of the
riffle areas are spawning areas for these fish species, which bury their eggsin gravel.
Pools, overhanging stream banks and other habitats characterized by quiet or less
rapid flow support a different fish community that may include sunfish and minnows.
These areas also function as post hatching nursery and feeding areas for stream fish.
Smilar to macroinvertebrates, fish food webs include detritivores, carnivores,
herbivores, and omnivores. Predacious species (e.g., trout, sculpin) may feed heavily
on terrestrial invertebrates that fall into the stream.
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The fish community was determined to be of concern due to its role in energy flow,
its potential for exposure to contaminants, and its role as a food source for higher
trophic level organisms. Therefore, viability and function of the fish community is a
valid assessment endpoint for this ERA.

Representative species of the fish community at the Midnite Mine site have been
previoudy listed (URS 2000) including the brown trout, rainbow trout, Margined
sculpin, and several species of suckers.

3.7.2 Terrestrial Ecosystems

This section describes the components of the terrestrial ecosystem potentially affected. There
are a number of biotic communities and habitats that are potentidly affected. In a number of
instances, adverse effects may be the result of the toxic nature of contaminants. However,
adverse ecological effects may also be a result of habitat modifications including the attractive
nuisance of certain habitats such as the water sources and the salt deposits in the mine area.
Assessment endpoints 4 through 16 have been identified for this risk assessment.

3.7.2.1 Assessment Endpoint #4: Viability and Function of the Terrestrial Soil Community

0081-DFR-093005

The soil community of aterrestrial ecosystem plays a key role in ecosystem functions
such as nutrient cycling and organic matter processing. Soil invertebrates can be an
important food resource for upper trophic level species such as insectivorous small
mammals and birds. The terrestrial soil community is typically diverse taxonomically,
morphologicaly and physiologicaly; soil biota are often numerically abundant. The
soil community is comprised of the more visible soil invertebrates such as earthworms
and grubs; it also includes less visble groups such as bacteria, fungi, and small
invertebrates such as nematodes and protozoa. Although the soil community is
typicaly considered a separate ecosystem, it is intimately connected to the
aboveground terrestrial community through a common energy source (living and dead
vegetation and animal biomass and feces). Because of their abundance, feeding
habits, and ecological functions, inhabitants of the soil community have an important
influence on the terrestrial environment.

The most outstanding characteristic of the soil is that while complex, it is a habitat
that is reldively stable chemically and structuraly. Until the moisture drops below
a specific point, the soil atmosphere remains at or near saturation, and the soil
temperature remains within a relatively narrow range. The low penetrability of soil
restricts movement to most taxa except to burrowing species such as earthworms.
Soil pore space is an important factor that determines the nature of the living space,
humidity, and gaseous condition of the environment. The importance of pore space
is evident in areas where the adverse effects of highly compacted soil are present.
Spaces between surface litter, cavities walled off by soil aggregates, pore spaces
between individual soil particles, root channels, and fissures are potential habitats.
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The presence of a variety of habitats results in the high taxonomic diversity of the soil
community.

The interrelations of soil organisms are complex, and within the upper layers of the
soil energy flows through a series of trophic levels. The soil community is largely
heterotrophic (requiring an external supply of organic matter). The primary source
of energy is dead vegetation, dead animal biomass, and feces from the ground layer.
This organic matter is consumed and broken down by bacteria, fungi, and protozoans.
Litter feeders, including most earthworms, pot worms, millipedes, snails, slugs, and
small soil arthropods, ingest large quantities of organic matter and primarily utilize only
the bacteria, fungi, protozoans, and small invertebrates contained in the material.
Phytophagous consumers, including nematodes and root-feeding insects, obtain
nutrients from assmilable substances of living plants. Predators, which exploit the
soil microinvertebrates, include protozoa and free-living nematodes. Other predators,
including the turbellaria, feed on nematodes and pot worms.

Because of its role in ecosystem functions such as energy transfer and nutrient
cycling and its importance as a food source for upper trophic level terrestrial species,
an ecologicaly viable soil invertebrate community was selected as avalid assessment
endpoint for this ERA.

Assessment Endpoint #5: Viability and Function of the Terrestrial Plant Community

The terrestrial rooted vascular plant community assumes many functions in the
ecosystem. Functions include: erosion prevention (both water and wind), promotion
of rainwater percolation, restriction of sheet water flow leading to reduced flooding
potential, reduction of surface wind velocity, providing nesting and cover habitat for
wildlife, primary production via photosynthesis, and providing a source of organic
matter input (energy) to streams and soil systems.

Rooted plants provide erosion control through a variety of mechanisms. Plant roots
hold the soil in place, and the surface structure of the plants slows water movement,
thereby reducing the ability of water to move the soil. Inaddition, dow flowing water
permits increased percolation into the soil, and reduces the volume of water moving
across the soil surface. This also slows the overall movement of the water into
surface waterbodies, which dampens the fluctuations in surface water levels.
Ultimately, this reduces the potential for flooding and decreases the severity of
flooding that does occur. Finaly, the physical structure of the plants also reduces the
ground surface air speed, thereby reducing wind-based erosion.

The terrestrial plant community provides nesting habitat and cover (resting/hiding

places) for wildlife. Trees, shrubs and tall grass provide nesting materials and habitat
for most species of hirds, as well as many mammal species such as squirrels, rabbits,
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and mice. In generd, the diversity of animal life is associated with the stratification
and growth forms of plants present in a system.

Plants also provide the basis for food production in the terrestrial ecosystem. Energy
enters the terrestrial system in the form of light, which is fixed into chemical energy
by photosynthesis. A significant portion of the energy fixed is used for plant
metabolism. The amount of energy fixed by photosynthesis minus the amount used
for plant respiration is the net primary productivity (NPP) of a system; this is the
amount of energy stored in plant tissues. Part of the NPP is the food source for
herbivores and decomposers; the remainder accumulates in the plant community as
biomass. The distribution and rate of turnover of biomass is related to the types of
herbivores present and the relative importance of decomposersin the system. Nuts,
seeds, and leaves produced by plants are consumed directly by herbivores such as
deer, rabbits, and insects. Herbivores, in turn, are then consumed by higher trophic
levels.

In addition to the primary production utilized in the terrestrial ecosystem, trees and
shrubs aong stream banks drop leaves into the stream in the fal of the year. This
material is a primary source of energy in lower order (small) streams and is the basis
for the production of stream insects and other organisms which provide food for fish
and birds. By the same means, plants provide energy input to the soil community (as
organic matter), which drives nutrient cycling and other aspects of soil functioning.

Plants also serve an important role in nutrient and mineral cycling in the terrestrial
ecosystem. There are two major aspects of materials cycling: the uptake and release
of nutrients by biota and the exchange of materials between biota and other parts of
the ecosystem. Nutrients are lost from a system through run-off, both in surface and
groundwater, which carries away materials leached out of the litter and soil. Inputs
to the system occur through precipitation, airborne deposition of dust, and weathering
of parent bedrock. Plants take up nutrients and minerals from soil and build up an
available or exchangeable pool of nutrients. In temperate forests, nutrients and
minerals accumulate in tree biomass to form a pool unavailable to short-term cycling.
For example, in an Appaachian oak-hickory forest, 65% of each pool of nitrogen,
phosphorus, and potassium is incorporated in woody tissue, 22% isin roots, and 13%
is in foliage (Smith 1990). Nutrients are recycled from the vegetative pool by root
mortality, litter fall, and foliage leaching.

Terrestrial plant community function and viability was determined to be a valid
assessment endpoint for this ERA.

3.7.3 Assessment Endpoints #6 through #16: Viability and Function of the Terrestria Vertebrate
Community

0081-DFR-093005
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The vertebrate community of a terrestrial ecosystem plays akey role in ecosystem functions
such as energy flow and organic matter production. The vertebrate community is comprised
of a variety of species that perform various roles. Terrestrial vertebrates are typically the
most visible and familiar organisms in an ecosystem.

Energy flow through an ecosystem is critical to the function of that ecosystem. The flow of
energy drives materia cycles; recycling nutrients and water requires an expenditure of
energy, which is not recyclable. Energy flows through a terrestrial ecosystem along a food
web. A food web is comprised of producers, primary consumers (herbivores), secondary
consumers (animal eaters), and so on. Each step in the web is a trophic level, which is an
energy level rather than a species level. Any given species may utilize more than one level
(eg., omnivores consume both animals and plants). Plant production can be eaten by
consumers as living materia or as dead materia (detritus); consumption of the former is
designated as the grazing food chain, whereas consumption of the latter is the detritus food
chain. Terrestrial vertebrates generally make up the grazing and predator food chains. An
estimated 10,000 energy units of sunlight or 100 energy units of herbivores are required for
every one energy unit of predator (Odum 1997). Although predators are an energy-expensive
component of an ecosystem, they are very important in terms of feedback controls of
herbivores, which in turn can have a major impact on plant production.

Impacts on organisms at any trophic level could result in detrimental population explosions in
their prey species. Such population explosions result in an imbaance in the energy and
nutrient allocations among the other organisms inhabiting the same ecosystem, resulting in the
decline of affected populations. In addition, organisms which serve as a food source for
higher trophic level organisms function to maintain the population balance of these higher
trophic levels. Adverse impacts on an herbivorous species (e.g., meadow voles) could affect
the number of predator species a particular ecosystem can support. Conversely, predators
often selectively feed on older or sick organisms thereby resulting in a robust prey population.
Adverse effects on a predator species can thus affect the health of a prey species in a
system. Because of the importance of each trophic level in an ecosystem, the assessment
endpoints selected for this risk assessment follow feeding/energy transfer pathways in the
terrestrial systems at the Midnite Mine site.

In genera, taxonomic diversity of the terrestrial vertebrate community is associated with the
stratification and growth forms of the vegetative community. Some organisms are associated
with or spend the mgor part of their lifein a single stratum, whereas others may range over
two or more stratums. In particular, the soil invertebrates remain in the subterranean and the
litter layers. The greatest diversity and abundance is present on and just below the ground
layer. Vertebrates, including mice, shrews, squirrels, and foxes, burrow into the soil for
shelter or food, but spend considerable time above ground. The larger mammals live on the
ground layer and feed on herbs, shrubs, and low trees. Birds are present and move freely
among severa strata, but generally occupy one strata most of the time. For example, ruffed
grouse and hooded warblers occupy the ground layer, but may move up into the trees to feed,
roost, or advertise territory. Some invertebrates, such as millipedes and spiders, moveinto the
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upper strata at night when humidity is favorable. Red-eyed vireos inhabit the lower tree
stratum of the eastern deciduous forest, the wood peewee the lower canopy, and blackburnian
warblers and scarlet tanagers the upper canopy. Flying squirrels and tree mice inhabit the
canopy, and woodpeckers, nuthatches, and creepers are closely associated with the tree
trunks between the shrub and the canopy layers.

The association of species with specific strata within its habitat results in foraging areas that
comprise only a portion of the home range of a particular species. Many organisms forage
in areas where preferred foods are available, or where previous hunts have been successful.
These behaviors may result in increased exposure to contaminants, if foraging behavior is
concentrated in contaminated areas.

In addition to the physical habitat structure provided by the plant community, the terrestrial
plant community affects the species composition of the grazing food chain and associated
predators. Although only arelatively small part of the plant biomass is typically harvested, the
composition of the terrestrial herbivore community (and subsequently the omnivore and
predator communities) is a function of the type of vegetation present and the timing of
appearance and growth of particular vegetative parts such as shoots, seeds, and fruit.

3.7.3.1 Assessment Endpoint #6: Viability and Function of the Herbivorous Mamma
Community

Herbivorous mammals rely primarily on vegetation as forage. The role of herbivores
is essential to an ecosystem because they transfer the energy available in plant tissue
(primary producers) to anima tissue, making it avalable to upper trophic leve
organisms. In addition to contributing to energy pathways in a terrestrial system,
herbivore foraging on vegetation regulates vegetation density, species abundance, and
diversity. Herbivorous small mammals serve as prey items for upper trophic level
predators.  Therefore, herbivorous small mammals contribute to a balanced
vegetative community, in terms of species diversity and abundance, while regulating
upper trophic leve terrestrial organisms. This balance is essential for normal
ecosystem functioning. Because of their size, small mammals generally have small
home ranges (Harestad and Bunnell 1979). The low mobility of small mammals
suggests a high potential for exposure and enables specific exposure routes and
concentrations to be identified with a high degree of certainty.

The herbivorous small mammal component of the terrestrial ecosystem is of concern
due to the potential for the accumulation of contaminants and transfer to higher
trophic level consumers, as well as for the high potential for direct exposure and
adverse effects. Additionally, small mammals are a large component of the terrestrial
food chain base, representing an important food resource for carnivorous organisms
such as birds and mammals. Viability of the herbivorous small mammal community
was therefore considered an appropriate assessment endpoint for this ERA.
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Representative species of the herbivorous mammal community expected to inhabit
or utilize the Midnite Mine site include meadow vole, white-tailed deer, mule deer,
marmot, muskrat, and elk (URS 2000). The meadow vole, white-tailed deer, and the
muskrat were the receptors selected for modeling risk to the herbivorous mammal
community.

Assessment Endpoint #7: Viability and Function of the Carnivorous Mamma
Community

Carnivorous mammals rely primarily on terrestrial vertebrates for forage. The role
of carnivores is essential to an ecosystem because they transfer the energy available
in animal tissue to upper trophic levels. In addition to contributing to energy pathways
in aterrestrial system, carnivore foraging on smal mammals regulates small mammal
density, species abundance, and diversity. Conversely, carnivorous mammals may
also serve as prey items for upper trophic level predators. Predation by and of
carnivorous mammals therefore contributes to a balanced small mammal community,
in terms of species diversity and abundance, while regulating other upper trophic level
terrestrial organisms. This balance is essential for normal ecosystem functioning.

Since some carnivorous mammals are upper trophic level predators, they are
especidly susceptible to exposure to contaminants because certain contaminants can
bioaccumulate in the organisms upon which they feed. The higher the trophic level
of the food chain, the more concentrated the contaminants in the tissues become due
to a process known as biomagnification. In a terrestrial system, carnivorous
mammals are common predators of small mammals. Small mammals have been
shown to accumulate contaminants that are present in terrestrial ecosystems.
Therefore, mammals that consume small mammals have the potential to accumulate
large concentrations of contaminants in their tissues.

Carnivorous mammals regulate the population size of rodents and other small
mammals with high reproductive capabilities. They are also important in energy
transfer in the system. Based on the ecological role of carnivorous mammals and the
potential for exposure and adverse effects in a higher trophic level organism, the
viability and function of the carnivorous mammal community was determined to be
avalid assessment endpoint for this ERA.

Representative species of the carnivorous mammal community expected to inhabit
or utilize the Midnite Mine site include bobcat, red fox, coyote, wolverine, and gray
wolf (URS 2000). The coyote and the bobcat were the receptors selected for
modeling risk to the carnivorous mamma community.
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3.7.3.3 Assessment Endpoint #8: Viability and Function of the Omnivorous Mammal

Community

Omnivorous mammals consume plant and animal tissue from severa trophic levels.
In addition to linking energy pathways in a terrestrial system, omnivores foraging on
insects, small mammals, and vegetation regulate the population density of these
groups. Conversely, omnivorous mammals may also serve as prey items for upper
trophic level predators. Predation by and of omnivorous mammals therefore
contributes to a balanced smadl mamma and vegetative community, as well as
regulating other mid- to upper trophic level terrestrial organisms. This balance is
essential for normal ecosystem functioning.

Based on the role of omnivorous mammals in energy transfer and population
regulation, as well as the potential for exposure and adverse effects, the viability of
the community was selected as a valid assessment endpoint for this ERA.

Representative species of the omnivorous mammal community expected to inhabit
or utilize the Midnite Mine site include the raccoon, deer mice, grizzly bear, striped
skunk, water vole, and yellowpine chipmunk (URS 2000). The raccoon and the deer
mouse were selected for modeling risk to the omnivorous mammal community.

3.7.3.4 Assessment Endpoint #9: Viability and Function of the Piscivorous Mamma
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Community

Piscivorous mammals rely primarily on fish as forage. There is a close relationship
between terrestrial and aquatic systems due to the flow of nutrients and energy
between them. Nutrients enter aquatic ecosystems through surface water runoff,
streams, and water infiltration through the soil. Energy enters aguatic ecosystems via
sunlight and biological inputs such as detritus and leaves. Nutrients and energy are
transferred from aguatic to terrestrial ecosystems via biologica outputs. An example
of abiological output is the act of a piscivorous mammal consuming fish. Nutrient
and energy cycles between aquatic and terrestrial systems are delicately balanced.
Since nutrients and energy are limiting factors in the production of an ecosystem, the
transfer of energy from an aquatic to a terrestrial system is essential. Piscivorous
mammals provide one mechanism by which the nutrients and energy are transferred
and are therefore important in the maintenance of balanced nutrient and energy
cycles.

In addition to contributing to aguatic and terrestrial energy pathways, the predation
of fish regulates fish population size, species abundance, and diversity. Conversely,
piscivorous mammals may also serve as prey items for upper trophic level predators.
Predation by and of piscivorous mammas therefore contributes to balanced
populations of fish and other aguatic and terrestrial organisms; a balance that is
essential for normal ecosystem functioning.
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Since some piscivorous mammas are upper trophic level predators, they are
especidly susceptible to exposure to contaminants because certain contaminants can
bioaccumulate in the organisms upon which they feed. The higher the trophic level
of the food chain, the more concentrated the contaminants in the tissues become due
to biomagnification. Fish have been shown to accumulate contaminants that are
present in aquatic ecosystems. Therefore, mammals that consume fish have the
potential to accumulate large concentrations of contaminants in their tissues.

Piscivorous mammas play an important role in energy transfer and population
regulation. Based on its ecological role and the potential for exposure and adverse
effects in a higher trophic level organism, the viability of the piscivorous mammal
community was determined to be a valid assessment endpoint for this ERA..

Representative species of the piscivorous mammal community expected to inhabit or
utilize the Midnite Mine Site include the mink and river otter. The mink was the
receptor selected for modeling risk to the piscivorous mammal community.

Assessment Endpoint #10: Viahility and Function of the Soil Invertebrate Feeding
Mammal Community

The soil invertebrate feeding (referred to here as insectivorous) small mammal
community plays a key role in ecosystem functions such as energy flow.
Insectivorous smdl mammals rey primarily on insects as forage. The foraging
behavior of insectivorous mammals represents a pathway by which nutrients and
energy are transferred from lower to higher links in the food chain. For example,
insects are consumed by mid-level insectivores (e.g., shrews) which are consumed
by upper level consumers (e.g., red-tailed hawk). Insectivores also transfer energy
from the detrital food chain to the grazing food chain when they consume detritivores
(e.g., millipedes).

In addition to contributing to terrestrial energy flow pathways, the predation of insects
regulates insect population size and species abundance and diversity. linsectivorous
mammals also serve as prey items for upper trophic level predators. Predation by
and of insectivorous mammals therefore contributes to balanced populations of
insects and other terrestrial organisms, a balance that is essential for normal
ecosystem functioning.

Since insectivorous mammals are mid-level predators, they are exposed to
contaminants which can bioaccumulate in the organisms upon which they feed. The
higher the trophic leve of the food chain, the more concentrated the contaminants in
the tissues become due to bioaccumulation or biomagnification. In a terrestrial
system, small mammals such as shrews are common predators of insects. Insects
have been shown to accumulate contaminants in terrestrial ecosystems. Therefore,
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mammals that consume insects have the potential to accumulate large concentrations
of contaminants in their tissues.

The insectivorous smal mammal community was determined to be of concern due
toitsrole in energy flow, its potentia for exposure to contaminants, and its role as a
food source for higher trophic level organisms. Viability and function of the
insectivorous small mammal community is a valid assessment endpoint for this ERA.
The masked shrew was the receptor selected for modeling risk to the soil
invertebrate feeding mammal community at the Midnite Mine site.

Assessment Endpoint #11: Viability and Function of the Insectivorous Avian
Community

Insectivorous birds rey primarily on insects as forage. The foraging behavior of
insectivorous birds represents a pathway by which nutrients and energy are
transferred from lower to higher links in the food chain  For example, insects are
consumed by mid-level insectivores which are in turn consumed by an upper level
consumer. Insectivores may also transfer energy from the detrital food chain to the
predator food chain in that insectivores may consume detritivores (e.g., millipedes),
thereby providing a link between the two chains. Insectivorous birds also consume
emerging aguatic insects, and, like piscivorous mammals, they are important in energy
and nutrient transfer between aquatic and terrestrial systems.

In addition to contributing to terrestrial and agquatic energy pathways, the predation
of insects regulates insect population size, species abundance, and diversity.
Conversely, insectivorous hirds also serve as prey items for upper trophic level
predators. Predation by and of insectivorous birds therefore contributes to balanced
populations of insects and other terrestrial organisms. This balance is essential for
normal ecosystem functioning.

Since some insectivorous birds are upper trophic level predators, they are especialy
susceptible to exposure to contaminants because certain contaminants can
bioaccumulate in the organisms upon which they feed. The higher the trophic level
of the food chain, the more concentrated the contaminants in the tissues become due
to bioaccumulation. Insects have been shown to accumulate contaminants that are
present in terrestrial ecosystems. Therefore, birds that consume insects have the
potential to accumulate large concentrations of contaminants in their tissues.

Some hirds are resident year-round and some are migratory. The mobility of potential
avian receptors, as well as their reaively large home range, variable diet, and often
seasonal residency, suggest that the potential for exposure and the identification of
specific exposure routes and concentrations are associated with some uncertainty.
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Nonethel ess, the avian insectivorous community is of concern due to its role in energy
transfer and regulating populations, and the potential for exposure and adverse effects
in a higher trophic level organism. Therefore, viability of the insectivorous avian
community was determined to be a valid assessment endpoint for this ERA.

More than 60 species representing the insectivorous avian community expected to
inhabit or utilize the Midnite Mine Site have been previoudly listed (URS 2000). The
cliff swallow was the receptor selected for modeling risk to the insectivorous avian
community.
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3.7.3.7 Assessment Endpoint #12: Viability and Function of the Omnivorous Avian
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Community

Omnivorous hirds consume plant and animal tissue from severa trophic levels. In
addition to linking energy pathways in a terrestrial system, omnivores foraging on
insects, small mammals, and vegetation regulate the population density of these
groups. The foraging behavior of omnivorous birds may represent a pathway by
which nutrients and energy are transferred from lower to higher links in the food
chain. For example, invertebrates are consumed by mid-level omnivores, which are
in turn consumed by an upper level consumer. Omnivores may also transfer energy
from the detrital food chain to the grazing food chain in that omnivores may consume
detritivores (e.g., millipedes), thereby providing alink between the two chains.

In addition to contributing to terrestrial energy pathways, the predation of
invertebrates and vegetation regulates invertebrate and vegetation population size and
species abundance and diversity. Conversely, omnivorous birds also serve as prey
items for upper trophic level predators. Predation by and of omnivorous birds
therefore contributes to balanced populations of insects and other terrestrial
organisms. This balance is essential for normal ecosystem functioning.

Since some omnivorous birds are upper trophic level predators, they are especially
susceptible to exposure to contaminants that bioaccumulate in the organisms upon
which they feed. Invertebrates, small mammals, and vegetation have been shown to
accumulate contaminants that are present in terrestrial ecosystems. Therefore, birds
that consume these items have the potential to accumulate large concentrations of
contaminants in their tissues.

Some hirds are resident year-round and some are migratory. The mobility of potential
avian receptors, as well as the relatively large home range, variable diet, and often
seasonal residency, suggest that the potential for exposure and the identification of
specific exposure routes and concentrations are associated with some uncertainty.
Nonetheless, the avian omnivorous community is of particular concern due to its role
in energy transfer and population regulation, and the potential for exposure and
adverse effects in a mid-to higher trophic level organism. Therefore, viability of the
omnivorous avian community was determined to be a vaid assessment endpoint for
this ERA.

Representative species of the omnivorous avian community expected to inhabit or
utilize the Midnite Mine Site have been previoudy listed (URS 2000) including the
mallard, blue jay, chickadee, and so forth. The mallard was the receptor selected for
modeling risk to the omnivorous avian community.
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Avian Community

Soil invertebrate feeding birds are mid-trophic level organisms that rely primarily on
soil invertebrates as forage. The foraging behavior of soil-invertebrate feeding birds
represents a pathway by which nutrients and energy are transferred from lower to
higher links in the food chain  For example, soil invertebrates are consumed by mid-
level birds which are in turn consumed by an upper level consumer. Birds such as
the American robin and Wilson's snipe transfer energy from the detrital food chain
to the predator food chain when they consume detritivores (e.g., millipedes).

In addition to contributing to terrestrial pathways, the predation of soil invertebrates
regulates invertebrate population size, species abundance, and diversity. Conversely,
soil-invertebrate feeding birds also serve as prey items for upper trophic level
predators. Predation by and of soil-invertebrate feeding birds therefore contributes
to balanced populations of soil invertebrates and other terrestrial organisms. This
balance is essential for normal ecosystem functioning.

Since some soil invertebrate feeding birds are mid-trophic level predators, they are
susceptible to exposure to contaminants which bioaccumulate in the organisms upon
which they feed. The higher the trophic level of the food chain, the more
concentrated the contaminants in the tissues become due to bioaccumulation or
biomagnification. Soil invertebrates have been shown to accumulate contaminants
that are present in terrestrial ecosystems. Therefore, birds that consume soil
invertebrates have the potential to accumulate large concentrations of contaminants
in their tissues. Additionally, soil invertebrates such as earthworms may contain large
amounts of soil entrained in their gut, resulting in incidental exposure of soil
invertebrate feeding birds to contaminated soils.

Some hirds are resident year-round and some are migratory. The variable mobility
of potential avian receptors, rdatively large home range, variable diet, and often
seasonal residency, suggest that the potentia for exposure and the identification of
specific exposure routes and concentrations are associated with some uncertainty.
Nonetheless, the soil invertebrate feeding avian community is of concern due to their
role in energy transfer and regulating populations, and the potential for exposure and
adverse effects in a higher trophic level organism. Therefore, viability of the soil
invertebrate feeding avian community was determined to be a vdid assessment
endpoint for this ERA.

Representative species of the soil invertebrate feeding avian community expected
to inhabit or utilize the Midnite Mine Site have been previoudy listed (URS 2000).
The American robin and Wilson's snipe were the receptors selected for modeling risk
to the soil invertebrate feeding avian community.
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Community

Carnivorous hirds are upper trophic level organisms that rely primarily on animal
tissue, such as small mammals, as forage. The foraging behavior of carnivorous birds
represents a pathway by which nutrients and energy are transferred from lower to
higher links in the food chain. In addition to contributing to energy pathways in a
terrestrial system, carnivore foraging on smal mammals regulates small mammal
density, species abundance, and diversity. Conversely, carnivorous birds may also
serve as prey items for other upper trophic level predators (e.g., screech owls).
Predation by and of carnivorous birds therefore contributes to a balanced small
mammal community, in terms of species diversity and abundance, while regulating
other upper trophic level terrestrial organisms. This balance is essential for normal
ecosystem functioning.

Since carnivorous birds are upper trophic level predators, they are especially
susceptible to exposure to contaminants because certain contaminants can
bioaccumulate in the organisms upon which they feed. The higher the trophic level
of the food chain, the more concentrated the contaminants in the tissues become due
to bioaccumulation. Small mammals have been shown to accumulate contaminants
that are present in terrestrial ecosystems. Therefore, birds that consume small
mammals have the potential to accumulate large concentrations of contaminants in
their tissues.

Some hirds are resident year-round and some are migratory. The mobility of potential
avian receptors, as well as the relatively large home range, varied diet, and often
seasonal residency suggest that the potential for exposure and the identification of
specific exposure routes and concentrations are associated with some uncertainty.
Nonetheless, the carnivorous avian community is of concern based on its ecological
role (energy transfer and controlling the population size of rodents and other small
mammals with high reproductive capabilities) and the potential for exposure and
adverse effects in a higher trophic level organism. Therefore, the viability of the
carnivorous avian community was determined to be a vaid assessment endpoint for
this ERA.

Representative species of the carnivorous avian community expected to inhabit or
utilize the Midnite Mine site have been previoudy listed (URS 2000) including the
great horned owl, American kestrel, barred owl, redtail hawk, Peregrine falcon,
Cooper’s hawk, and so forth. The great horned owl and the American kestrel were
the receptors selected for modeling risk to the carnivorous avian community.
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3.7.3.10 Assessment Endpoint #15: Viability and Function of the Piscivorous Avian

Community

Piscivorous birds rely primarily on fish as forage, and this behavior represents a
pathway by which nutrients and energy are transferred from the aquatic to the
terrestrial ecosystem. There is a close relationship between terrestrial and aquatic
systems due to the flow of energy and nutrients between them. Nutrients enter
aquatic ecosystems through surface water runoff, streams, and water infiltration
through the soil. Energy enters aquatic ecosystems via sunlight and other biological
inputs such as detritus and leaves. Nutrients and energy are transferred from aguatic
to terrestrial ecosystems via biologica outputs. An example of a biologica output is
the act of a piscivorous bird consuming fish and/or benthic invertebrates. Nutrient
and energy cycles between aquatic and terrestrial systems are delicately balanced.
Since nutrients and energy are limiting factors in the production of an ecosystem, the
transfer of energy from an aguatic to a terrestrial system is essential. Piscivorous
birds are therefore important in the maintenance of balanced nutrient and energy
cycles.

In addition to contributing to aguatic and terrestrial energy pathways, the predation
of fish regulates fish population size. Conversely, piscivorous hirds also serve as prey
items for upper trophic level predators. Predation by and of piscivorous birds
therefore contributes to balanced populations of fish and other aquatic and terrestrial
organisms, a balance which is essential for normal ecosystem functioning.

Since piscivorous birds are upper trophic level predators, they are especially
susceptible to exposure to contaminants because certain contaminants can
bioaccumulate in the organisms upon which they feed. Fish have been shown to
accumulate contaminants that are present in aquatic ecosystems. Therefore, birds
that consume fish have the potential to accumulate large concentrations of
contaminants in their tissues.

Some birds are resident year-round and some are migratory. The mobility of potentia
avian receptors, as well as the relatively large home range, variable diet, and often
seasonal residency suggest that the potential for exposure and the identification of
specific exposure routes and concentrations are associated with some uncertainty.
Nonetheless, the avian piscivorous community is of concern. Piscivorous birds play
an important role in energy transfer and regulating populations. Based on its
ecological role and the potential for exposure and adverse effects in a higher trophic
level organism, the viability of the piscivorous avian community was determined to be
a valid assessment endpoint for this ERA. The great blue heron and the bad eagle
were the receptors selected for modeling risk to the piscivorous avian community.

3.7.3.11 Assessment Endpoint #16: Viability and Function of the Herbivorous Avian
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Herbivorous birds are lower trophic level organisms that rely primarily on vegetation
as forage. They are an important food resource for higher trophic level species.
They play an essential role in an ecosystem, as they transfer the energy available in
plant tissue (primary producers) to animal tissue, and make it avalable to upper
trophic level organisms.

In addition to contributing to terrestrial energy flow pathways, foraging by herbivores
on vegetation regulates vegetation density, and species abundance and diversity.
Conversely, herbivorous birds also serve as prey for upper trophic level predators.
Predation by and of herbivorous birds therefore contributes to a balanced vegetative
community, in terms of species diversity and abundance, while regulating upper
trophic level terrestrial organisms. This balance is essential for normal ecosystem
functioning.

Herbivorous birds are susceptible to exposure to contaminants which can accumulate
in and on plant tissues upon which they feed. Plants have been shown to accumulate
contaminants that are present in terrestrial ecosystems. Therefore, birds that
consume plants have the potentia to accumulate these contaminants in their tissues.

Some hirds are resident year-round and some are migratory. The variable mobility
of potential avian receptors, relatively large home range, variable diet, and often
seasonal residency, suggest that the potential for exposure and the identification of
specific exposure routes and concentrations are associated with some uncertainty.
Many bird species will exhibit focused foraging and directed feeding in the presence
of seasonally avalable prey (e.g., based on growing and fruiting seasons) resulting
in an increased exposure to contaminated food. Nonetheless, the herbivorous avian
community is of concern due to their role in energy transfer and regulating
populations, and the potential for exposure and adverse effects in a mid-to higher
trophic level organism. Therefore, it was determined that viability and function of the
herbivorous avian community was a valid assessment endpoint for this ERA.

Representative species of the herbivorous avian community expected to inhabit or
utilize the Midnite Mine Site have been previoudy listed (URS 2000) including the
Spruce grouse, Pine grosbeak, and Y ellow- bellied sapsucker. The Spruce grouse
and the song sparrow are the receptors selected for modeling risk to the herbivorous
avian community.

3.7.4 Assessment Endpoint #17: Viability and Function of the Amphibian Community

The diversity, density, and reproductive success of amphibians have been shown to be
sensitive to chemical environmental stressors. Amphibians rely on vernal ponds associated
with the terrestrial habitat at the Midnite Mine site. However, previous smelting activities
have fragmented the habitat and may have reduced the availability of breeding habitat for site-

0081-DFR-093005

82



associated amphibian communities. A decrease in amphibian populations at the Midnite Mine
site may indicate either exposure to contaminants or a lack of suitable habitats.

Amphibians are important to energy transfer in the terrestrial systems because they provide
a link between the aguatic and terrestrial systems and act as both predators and prey.

Predation by and of amphibians therefore contributes to balanced populations of other aguatic
and terrestrial organisms; a balance that is essential for normal ecosystem functioning. Based
on the ecological role of amphibians in energy transfer and regulating populations, as well as
the potentia for exposure and adverse effects in a sensitive group of organisms, the viability
of the amphibian community was determined to be a vdid assessment endpoint for this ERA.

3.7.5 Assessment Endpoints #18 and 19: Viability and Function of Wetland Ecosystems

Wetland ecosystems play a key role in functions such as energy fixation, nutrient and
materias cycling, water purification, organic matter production, fish and wildlife habitat, flood
control, stabilization of flow, and erosion control. There is a direct linkage between the
wetland plant community and the nature and stability of soils. Based on the role of wetlands
in ecosystem function and the potential for exposure to contaminants, the viability and function
of wetland systems were selected as assessment endpoints for this ERA.

Wetlands are of ecological importance for numerous reasons. They provide diverse fish and
wildlife habitat, dlow groundwater recharge and discharge, improve water quality through
nutrient cycling/removal/transformation and sediment/toxicant retention, help control flooding
and stabilize flows, and prevent erosion and secure shorelines.

Numerous animal taxa rely on wetlands for reproduction; wetlands serve as nurseries for
development of early life stages, foraging areas, and protection from predation and
environmental extremes. Freshwater fish depend on wetlands for nursery and spawning areas,
and use them as refuges during flood events. Wetlands are important habitats for reproduction
and subsequent development of embryo and larval life stages of many toads, frogs, and
sadlamanders. Many species of birds use wetlands as breeding and foraging habitat. Insect
diversity in wetlands may be extremely high, and many species of aquatic insects are found
only in wetland habitats. Reptiles, such as water snakes and bog turtles, reproduce, live, and
forage in wetland habitats as adults. Mammals such as muskrat and beaver are typical
wetland species.

Wetland functions and organism viahility were determined to be valid assessment endpoints
for this ERA.

3.7.5.1 Assessment Endpoint #18: Viability and Function of the Wetland Plant Community
Wetland plants are central to the structure and function of the wetland. They are a

primary food source for many wetland animal species, including developing fish and
amphibian larvae. These plants provide habitat and cover for wetland animals, help
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control the hydrology of the wetland, promote nutrient cycling and stabilization, and
help hold the wetland soils during floods.

As discussed above, wetlands are very productive ecosystems; wetland plants are
capable of capturing a large amount of solar energy and storing it as chemical
energy. High plant productivity is the basis for the high overall production of ducks,
muskrats, and other wildlife in marshes.

Vegetation provides habitat and cover for organisms which utilize wetland areas.
Environmental factors suchas hydrology and oxygen availability affect the distribution
of wetland vegetation, which in turn affects the number and kinds of habitat available
to animals. Wetland vegetation creates habitat that is verticaly stratified in and
above the water column. Algae and invertebrates utilize pelagic (water column),
epiphytic (stems), and benthic habitats (Vymazal 1995, Sharitz and Batzer 1999).
Vertica stratification of emergent vegetation is an important determinant of songbird
habitat (Weller and Spatcher 1965); plants provide nest sites, nesting materials and
songposts. Wetland plants provide isolation between nesting pairs of waterfowl, often
determining breeding density and production. In addition, wetland plants provide food
for waterfowl and herbivorous mammals.

Wetland plants provide a key function in maintaining the quality and volume of
surface and groundwater. Wetlands intercept sediments and nutrients, and often a
variety of organic and inorganic chemicals and heavy metals. By removing such
materials, wetlands filter and clean surface water that may eventually percolate into
the underlying aquifer, becoming groundwater. Removal of sediment and nutrients
from surface water can prevent siltation and eutrophication in nearby rivers, streams,
lakes, and ponds.

Rooted wetland plants provide erosion control through a variety of mechanisms
including the roots physically holding the soil in place; the surface structure of the
plants physicaly slows water movement, thereby reducing the water energy and its
ability to move the soil. In addition the slowing of the water permits increased
percolation of the water into the soil. The physical slowing of the sheet water flow
and increased percolation of the surface water into the soil slow the overdl
movement of the water into the surface waterbodies; the effect of this is to dampen
the fluctuations in surface water levels. Ultimately, this reduces the potential for
flooding and decreases the severity of flooding that does occur. Wetland plant
community function and viability was therefore determined to be a vaid assessment
endpoint for this ERA.

Assessment Endpoint #19: Viability and Function of the Wetland Invertebrate
Community



3.8

3.7.6

The invertebrate community of a wetland ecosystem plays a key role in ecosystem
functions such as nutrient cycling and organic matter processing. It also serves as
an important food resource for fish and semiaguatic organisms such as birds and
mammals.

Many wetland invertebrate species are detritus feeders. They recycle biomass
produced in the wetland as well as organic matter transported into the wetland. The
role of invertebrates in materias cycling contributes to the productivity of wetland
systems. In addition, invertebrates serve as an important food source for fish and
other higher trophic level organisms.

Assessment Endpoints # 20 Through 22: Characterizing Risk of Total lonizing Radiation
Exposures to Anima and Plant Populations

The U.S. DOE guidance for evauating radiation doses to aquatic and terrestrial biota is
intended “to protect populations of aquatic animals, terrestrial animals, and terrestrial plants
from the effects of exposure to anthropogenic ionizing radiation” (U.S. DOE 2002). Certain
taxa are more senstive to TIR than others. Subsequently, it is generally assumed that
protecting the more sensitive taxa will adequately protect other less sensitive taxa. Specified
biota dose limits are defined in the U.S. DOE guidance that protect the populations of plants
and animals from the effects of TIR as follows:

Aquatic animals. The absorbed dose should not exceed 1.0 rad/day.
Terrestria plants. The absorbed dose should not exceed 1.0 rad/day.
Terrestrial and Riparian animals: The absorbed dose should not exceed 0.1 rad/day.

Assessment Endpoint # 20: Observable Reductions of Survival and Reproductive Capability
in Aquatic Anima Populations Related to Totd lonizing Radiation Exposure.

Assessment Endpoint # 21: Observable Reductions of Survival and Reproductive Capability
in Riparian Anima Populations Related to Total lonizing Radiation Exposure.

Assessment Endpoint #22: Observable Reductions of Survival and Productivity and/or
Reproductive Capability in Terrestrial Plant and Anima Populations Related to Tota lonizing
Radiation Exposure.

Site Conceptual Modds

Conceptual models are based on contaminant and habitat characteristics and are used to identify
critical exposure pathways linking contaminants to receptors. Contaminants in the water, soil, and
sediment may come in contact with the aquatic, riparian, or terrestrial receptors inhabiting or utilizing
the Midnite Mine site. Both the complete exposure pathways (Section 3.6.1) and the assessment
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endpoints (Section 3.7) were used to develop the conceptual models in this ERA. Figure 4 is a
conceptual model depicting potential exposure pathways from contaminants in surface water and
sediments in the open pits in the MA. Figure 5 is a conceptual model depicting potential exposure
pathways from contaminants in surface water, instream sediments, and riparian sediments in the PIA.

Figure 6 is a conceptual model depicting potential exposure pathways from surface material in the MA
and Figure 7 is a conceptual model depicting potential exposure pathways from soils and riparian

sedimentsin the PIA.

3.9 Testable Hypotheses

Testable hypotheses are specific risk questions that are based on the assessment endpoints and the
conceptual models. Table 17b presents the testable hypotheses for this ERA.
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4.0

4.1

4.2

ANALYSISPLAN

Step 4 of the eight-step Superfund process defines the analysis plan and is the final stage of the
problem formulation. Step 4 completes the conceptual model begun in Step 3 with the devel opment
of the measurable attributes for each of the assessment endpoints. Risk hypotheses are evaluated to
determine how they will be assessed. The plan includes a delineation of the assessment design, data
needs, measures, and methods for conducting the analysis phase and the risk characterization phase
with the emphasis on evaluating risk from chemical stressors regulated under CERCLA.

Measurable Attributes

Measurable attributes define the measures that will be employed to quantify and predict change of the
assessment endpoints from potential exposure to chemical stressors. There are three categories of
measures - measures of exposure, measures of effect, and measures of ecosystem characteristics.
Measures of exposure are measures of stressor existence and movement in the environment and their
contact or co-occurrence with the assessment endpoint. Measures of effect are measurable changes
in an attribute of an assessment endpoint in response to a stressor. Measures of ecosystem
characteristics are measures that influence the behavior and location of entities selected as the
assessment endpoint, the distribution of a stressor, and life-history characteristics of the assessment
endpoint or its surrogate that may affect exposure or response to the stressor (U.S. EPA 1998a).
Mesasures of effects are the critical measurable attributes for this BERA. The measurable attributes
selected for each of the assessment endpoints are presented in Table 17c.

Database Overview

Investigations for the Midnite Mine site were conducted by Ecology & Environment during 1998 (E& E
1998), by SMI.in 1999 (SMI 1999a), and by URS from 1999 to 2001 (URS 2000a, 2001a, 2001b). The
site investigations encompassed the sampling of surface water, instream sediments, riparian sediments,
soils, and aquatic, riparian and terrestria invertebrates and plants.

4.2.1  Environmental Media Sampling for Metals and Radionuclides

Sections 2.3.1.1through 2.3.1.4 described the sampling for surface water, instream sediments,
riparian sediments, and soils at the Midnite Mine site for metals and radionuclides. All of the
data was compiled into an electronic database. Summary tables for metas for each AOI and
matrix are presented in Appendices D through G. Each summary table includes the number
of samples analyzed for each COPC, the number of samples for which the andyte was
detected above the sample detection limit (SDL), the minimum concentration detected, the
maximum concentration detected, and the central tendency (median or mean value). Appendix
B presents the statistical methods for calculating central tendency. Appendix H presents the
summary tables for TIR calculations.

4.2.2 General Parameters Related to Ecosystem Characterization
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The site investigations included the determinations of general parameters (e.g., pH, hardness,
sulfate, phosphorus, etc.) characterizing surface water, sediments and soils. Appendix M
provides the summary tables for the soils, sediments, and surface water at each of the AQls.
The analytical results are presented in Section 5.

4.2.3 Tissue Analysis of Plants and Invertebrates

Biologica sampling of aguatic plants and invertebrates, riparian plants and invertebrates, and
terrestrial plants and invertebrates was performed in September and October 1998 for the
purpose of detecting the bioaccumulation of site-related metals (SMI 1999). These site-
specific tissue analyses were used in the food chain models for this ERA (See Section 4.3.2).

4.2.3.1 Vegetation Sampling

0081-DFR-093005

Terrestrial roots and aboveground plant tissue were collected from four upland sites
designated as US1, US2, US3, and U4 delineated in Figure 8 (SMI 1999b). Roots
and aboveground tissue plus litter were collected from sx plots for each upland site.
For aboveground tissue, dl aboveground herbaceous material was clipped to ground
level and collected in three randomly located 0.5 sguare meter ( m?) quadrats at each
plot. A representative sample of leaves and twigs of woody species (litter) was also
harvested from each plot. No further information was available regarding the
composition of the litter. Aboveground tissue was separated by species and weighed,
then all aboveground tissue plus litter from each plot was composited to form a single
aboveground plant sample for metal analysis. For roots, five root cores (0 to 20
centimeters [cm] in depth) were taken from each plot. The plot locations of the cores
within each plot were randomly determined. Root samples were weighed and
speciated. All root tissue was composited to form a single root sample from each plot
(SMI 1999b).

Riparian plant tissue was collected from six riparian/aguatic locations including three
sites from Upper Blue Creek (BU1, BU2, and BU 3), three sites from Middle Blue
Creek (BD1, BD2, and BD 3), two sites from Central Drainage (CD1 and CD2), two
sites from Eastern Drainage (ED1 and ED2), and two sites from Western Drainage
(WD1 and WD2). Figure 8 delineates the site locations. Each riparian site was
divided into six plots and riparian root and aboveground tissue samples were obtained
from each plot. Samples were collected in the same manner as above (SMI 1999b).

Aquatic plants were collected from three sites in the Eastern Drainage (ED1, ED2,
and EDVED?2), from three sites in Western Drainage (WD1, WD2, and WD1/WD?2),
five sites along Upper Blue Creek above the confluence of Blue Creek and the
Eastern Drainage (BUl, BU2, BU3, BU2/BU1, BU2/BU3), and five sites along
Middle Blue Creek downstream of the confluence of Blue Creek and the Eastern
Drainage (BD1, BD2, BD3, BD1/BD2, BD2/BD3). Figure 8 delineates the site
locations. At each location, aquatic plants were collected from the same plots where
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agquatic sediments were collected. A 0.5 n¥ quadrat was centered in each plot, and
al rooted or otherwise attached plant material within the quadrat was harvested. The
aquatic plant materials from the quadrats in the six plots were composited into a
sngle aquatic plant sample for metal analysis. Sampled aquatic plants were not
identified (SM1 1999b).

All plant material was washed to remove soil or sediments prior to compositing. All
samples were dried and then weighed to give biomass vaues in dry weight.
Analytical results for terrestrial plants, riparian plants, and aquatic plants are
presented in Section 5 and Appendix N.

Invertebrate Sampling

Invertebrates were collected from the same locations as upland soil and terrestrial
plants, riparian plants, and aquatic plants were collected. Sample designations are the
same as indicated for the plant sampling on Figure 8 (SMI 1999c). A five-minute net
sweep covering the entire plot area was used for the upland plots. The net method
involves sweeping an insect net through a standard area of vegetation for the time
period needed to collect a representative sample of invertebrates present. Over 1,000
invertebrates from 12 orders were collected from upland locations, and composited
into eight samples. A three-minute net sweep covering the entire plot was used for
riparian plots. Over 2,000 invertebrates from 12 different orders were collected from
the riparian locations. One sample each was composited from the Eastern and
Western Drainages, two samples each from the Central Drainage and Middle Blue
Creek locations, and three samples from the Upper Blue Creek locations (SMI
1999b).

Three replicate samples of aquatic invertebrates were collected in each aquatic plot,
near where aguatic sediment samples were taken. Over 3,000 invertebrates from
eight different orders were collected and composited into samples from two locations
in the Eastern Drainage, one location in the Western Drainage, and three locations
in Blue Creek (SM1 1999b).

All samples were dried and then weighed to give biomass values in dry weight.
Andytical results for terrestrial invertebrates, riparian invertebrates, and aquatic
invertebrates are presented in Section 5 and Appendix N.

Conversion of Isotopic Uranium Measurements to Total Uranium
Shepherd Miller, Inc. pooled samples when sufficient biomass was not available to
include the analysis of dl the metas plus U for the plant and invertebrate analyses.

In addition, elemental U analysis was substituted for U isotopic andysis when
biomass was insufficient. Isotopic analysis of U was measured by analyzing for 24U,
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25U, and #8U in the biological samples. Tota U was estimated from the U isotopes
with the following equation:

Total U (mg/kg) = (U, {pCi/g} x 1.63E-04 {mg-g/pCi-kg}) + (U, {pCi/g} X
4.65E-01 { mg-g/pCi-kg}) + (U, { pCi/g} x 3.00E+00 { mg-g/pCi-kg})

In the calculations, it was assumed that U by massis present as 0.00560% 2*U with
a specific activity of 6,220 uCi/g, 0.708% *°U with a specific activity of 2.14 uCi/g,
and 99.3% 2¥#U with a specific activity of 0.336 uCi/g. The specific activity of the
radioisotopes are values used by EPA for drinking water compliance to convert U
activity to mass. Uranium isotopes in the biological samples could be present at
different percentages than those found in natural U.

4.3 Risk Assessment Methods

431

4.3.2

Hazard Quotient Method

The Hazard Quotient (HQ) method (Barnthouse et al. 1986; U.S. EPA 1997) was employed
inthis ERA. Briefly, the HQ method compares exposure concentrations to toxicity reference
vaue (TRV) or benchmark (BM) vaues based on ecological endpoints such as mortality,
reproductive falure, or reduced growth. This is done using chronic toxicity values derived
from the literature that are intended to represent a lower dose over a longer duration of
exposure, resulting in subtle effects that would be expected to manifest themselves at the
population level over the long term. Both the No Observable Adverse Effect Level
(NOAEL) and the Lowest Observable Effect Level (LOAEL) values were used to
determine HQs. The higher HQ values (above 1.0) imply increased effects to the assessment
endpoint.

The comparison is expressed as a ratio of potential intake values to effect levels, as follows:

HQ = Exposure Concentration (Maximum or Central Tendency)
Chronic Effect Level (e.g., NOAEL or LOAEL)

Food Chain Models

Food chain models were employed for assessing the measures of effects for Assessment
Endpoints 6 through 16. Figures 9 to 14 present schematic diagrams of the food chain models
used in this BERA. Four exposure scenarios or models were evaluated for each receptor
species. Models 1 and 2 (Figures 9 and 10) estimated exposure based on soil/sediment and
water exposure, but excluded food ingestion. Models 3 and 4 (Figures 11 to 14) included
soil/sediment and water exposure plus food intake exposure to estimate total exposure. A
comparison between Models 1 and 2 with Models 3 and 4 provide a means of distinguishing
if a particular environmental matrix (soil/sediment, water, or food) may be driving risk. The
results of these models were used to determine the contamination values that bound the
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threshold for adverse effects to each assessment endpoint (U.S. EPA 1997). A summary of
the four exposure modelsis as follows:

Model 1 (Figure 9) used conservative life history parameters and maximum concentrations
of contaminants in water, soil, and sediment. Conservative life history parameters included
the lowest published adult body weight and the highest published ingestion rates for incidental
sediment/soil. Food intake was excluded for this model.

Mode 2 (Figure 10) used representative life history parameters and central tendency ( mean
or median) concentrations of contaminants in water, soil, and sediment. Representative life
history parameters included the mean (or mid-point of a published range) adult body weight
and the mean (or mid-point of a published range) ingestion rates for water, and incidental
sediment/soil. Food intake was excluded for this model.

Model 3 (Figures 11 and 12) used the same conservative life history parameters as Model 1
along with the highest published ingestion rates for food. Food exposure was based on either
the maximum site-specific tissue data or conservative literature-based bioaccumulation factors

(BAF).

Mode 4 (Figures 13 and 14) used the same representative life history parameters as Model
2 dong with the average (or mid-point of a published range) ingestion rates for food. Food
exposure was based on either the maximum site-specific tissue data or conservative
literature-based BAF values.

Nineteen receptor species were selected to model Assessment Endpoints 6 through 16 (See
Sections 3.7.3) viafood chain exposure models. The mammalian and avian species that reside
and/or utilize the Midnite Mine site and were selected as receptors to represent severa of
these assessment endpoints include:

Mammalian Species. Avian Species
Meadow vole Cliff swallow
White-tailed deer Mallard duck
Muskrat American robin
Coyote Wilson's snipe
Bobcat American kestrel
Masked shrew Great horned owl
Deer mouse Great blue heron
Racoon Bdd egle
Mink Song sparrow
Spruce grouse

These species should be viewed as surrogates for the assessment endpoints and not as the
assessment endpoints themselves, athough select species may have a special status.
Conceptually, these species represent appropriate exposure pathways and mechanisms of
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toxicity for their respective assessment endpoints. Life history profiles developed from
published literature for each receptor provided both the conservative and representative
parameters (soil/sediment ingestion rates, food ingestion rate, water ingestion rate, and body
weight) that were entered into the models as described in Section 4.3.3.

This BERA utilized simplified assumptions in the food chain models, since it is difficult to
mimic a complete diet. The seasona availability of prey also results in a temporary prey
specidization by the consumer. Given these factors and the conservative approach used in
the food chain models, carnivorous, piscivorous, insectivorous, and soil invertebrate feeding
receptor species were assumed to only consume a single food item. Omnivorous receptor
species were based on two food items. With the exception of the meadow vole, all other
herbivorous species were assumed to consume above-ground plant tissue. For the meadow
vole modeling was based on consuming root tissue and aboveground tissue, respectively. The
selection of specific diets permits the modding to focus on exposure pathways alowing
sensitivity analysisin interpreting what is driving risk.

Soil and sediment ingestion rates were entered into the models as dry weight with the
exception of the following receptors - muskrat, mink, cliff swallow, Wilson's snipe, great blue
heron, and the bald eagle. For these receptors the soil or sediment ingestion rates were
entered into the models as wet weight as described in each life history profile for that receptor
in Appendix L. However, it should be noted that inputting wet weight soil/sediment ingestion
rates into the exposure models results in more conservative (i.e., higher) estimates of risk.
Weater concentrations were entered into the models as unfiltered water or total metal
concentrations thus representing a more realistic exposure via ingestion of water than the use
of filtered or dissolved concentrations.

The exposure from food ingestion was based on either site-specific tissue data that was
available or utilized literature-based BAFs. Site-specific tissue data, as discussed in Section
4.2.3, was avalable for aguatic plants and invertebrates, terrestrial plants (aboveground and
root tissue), terrestrial invertebrates, riparian plants (aboveground and root tissue), and riparian
invertebrates. For the site-specific tissue data only the maximum concentration of the COPC
andyzed as dry weight for each type of food at each location was used in the food chain
models to provide the most conservative estimation. For those food items for which site-
specific data was not available including earthworms, fish, and small mammals, BAF values
derived from the literature were used in the food chain models (See Section 4.3.5).

The effect level values for each COPC referred to as TRVs were based on studies in the
published literature (See Section 4.3.4). Two TRVs are used to evaluate ecological risk, a
NOAEL and a LOAEL. The NOAEL is the highest dose at which adverse effects are not
expected to occur in a study, and the LOAEL is the lowest dose at which adverse effects are
expected to occur. The exposure concentrations derived from the modeling were entered into
the HQ equation, and a HQ was calculated for both the NOAEL and LOAEL. The following
assumptions were made:
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. A contaminant concentration was considered to exceed the threshold and
demonstrate model calculated risk to the given receptor if both the NOAEL-based
HQ and LOAEL -based HQ were greater than or equa to 1.0.

. If neither the NOAEL- or LOAEL-based HQs were greater than or equal to 1.0, it
was concluded that there is no model calculated risk to the given receptor.

. If the NOAEL-based HQ was greater than or equal to 1.0 but the LOAEL-based
HQ was not, it was concluded that it could not be determined that there was no
model calculated risk.

4.3.3 Life History Parameters

Life history and exposure profiles for the receptor species selected for the assessment
endpoints are presented in Appendix L. Life history parameters are summarized in Tables
18 and 19. For each receptor, a conservative and representative exposure profile has been
developed. Conservative exposure parameters include the lowest reported adult body weight,
highest ingestion rates, and smallest home range cited for a species. Representative exposure
parameters include the average adult body weight, ingestion rates, and home range size
located for a particular species, regardless of the geographic range in which a study was
conducted. Home range, feeding territory and breeding territory size have been reported in
the literature for several species. However, for this ERA, an area use factor (AUF) of 1.0
was utilized, as the conservative assumption was made that the receptors spend all of their
time, and acquires dl of their food at the site.

4.3.4 Ecological Effects Characterization

A comprehensive literature search was conducted to locate studies in which the toxicity of
COPCs to wildlife receptors was evaluated. Each study was reviewed to evaluate its
appropriateness for inclusion in the derivation of a TRV. A discussion of these studies, and
the criteria used to evaluate them is presented along with the toxicity profiles in Appendix J.
The TRVs used in the food chain exposure models for this BERA are listed in Table 16.

4.3.5 Bioaccumulation Factors

In an ERA context, the best data to estimate bioaccumulation of contaminants in
environmental media (sediments, soils, water) by organisms (plants, invertebrates, small
mammals, earthworms, fish) will usually be the utilization of site-specific data. In the absence
of site-specific data, BAFs or regression models are used. For the food chain models, BAFs
for smal mammals, earthworms and fish were derived from literature-based data. The small
mammal BAFs were entered into the models for coyote, bobcat, great horned owl, and
American kestrel. The earthworm BAFs were entered into models for the masked shrew and
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the American robin. The fish BAFs were entered into models for the mink, great blue heron,
and bald eagle.

Bioaccumulation factors for small mammals and earthworms were based on the reports
prepared for the U.S. DOE. The bioaccumulation models for small mammals appears in the
“Development and Validation of Bioaccumulation Modes for Small Mammals’ (Sample et
al.1998a). The bioaccumulation models for earthworms appears in the “Development and
Vadidation Models for Earthworms® (Sample et al.1998b). Both reports assembled databases
of soil and contaminant concentrations in small mammals and earthworms from published
literature for a wide range of contaminants for the purpose developing uptake factors and
other bioaccumulation models from these data (Sample et al.1998a, Sample et al.1998b).

The final BAF vaues for smal mammals and earthworms were reported in terms of mean,
minimum, maximum, and 90" percentile values (Table 20A) (Sample et al.1998a, Sample et
al.1998b). Although the 90" percentile BAF values may provide a more accurate depiction
of bioavailability, the specific literature for which the maximum values were derived was not
reviewed for this BERA. It should be noted that some of these maximum BAF values are
expected to be overly conservative. For example, the maximum BAF for Pb for earthworms
was reported to be 228.2 and the 90" percentile was 1.5. It would be expected that a fairly
unique circumstances are most likdy responsible for deriving such a high maximum BAF
vaue for that meta. However, for this BERA, maximum BAF values were selected to err
on the conservative side for the food chain modeling.

For small mammals a database of chemical concentrations in soil and whole bodies of small
mammals for As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Se, Tl, and Zn was used for developing
uptake factors derived from Sample et al. (1998a). The whole body concentrations of the small
mammals was based on dry weight concentrations. For this BERA the conservative BAFs at
maximum vaue for small mammals based on combining all datasets were used (Table 20A)
(Sample et al.19984).

For U, uptake factors in small mammals have been reported from several references ranging
from 0 .0002 to 0.00032 (Garten et al. 1987, Sample et al. 1997). However, these BAFs for
U are based on a limited dataset of only a few studies; with this high degree of uncertainty, a
BAF of 1.0 for U for smal mammals is being applied for this ERA. Uptake factors were also
not available for Mo for small mammals. Subsequently a BAF of 1.0 for Mo for small
mammals is being applied for this BERA.

For earthworms a database of chemical concentrations in soil and earthworms for As, Cd, Cr,
Cu, Hg, Mn, Ni, Pb, and Zn was used for developing uptake factors. Only depurated (ingested
soil material removed) earthworms were used for developing the BAFs and metal
concentrations of the earthworms were based on dry weight. For this ERA the conservative
BAFs at maximum value for earthworms were used (Table 20A) (Sample et al.1998b). Fina
BAFs for U were not derived in Sample et al. (1998b) because of the limited database.
However, a BAF was reported in the validation dataset of this report based on two studies
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giving a maximum BAF of 0.063. The same rationale as was previously discussed for small
mammals, in regards to the uncertainty related to using a limited dataset, was aso applied for
earthworms. For this BERA a BAF of 1.0 for U for earthworms is being applied. Uptake
factors were also not available for Tl for earthworms. Subsequently a BAF of 1.0 for TI for
earthworms is being applied for this BERA.

A literature search was conducted to identify water to fish BAFs for metals. The database
was insufficient to derive whole-body BAFs for many of the inorganic COPCs. Severa
studies were located that reported BAFs for U, Cd, and Ni for freshwater fish (Table 20B).

Reported BAFs for U ranged from 2 to 50 (Mahon 1982; NRCC 1982; Poston 1982; Swanson
1983; Poston and Klopfer 1985; CSA 1987; Myers 1989; Driver 1994; ATSDR 1999). A
conservative BAF of 50 was selected to estimate U concentrations in fish for the food chain
models (Poston and Klopfer 1986; Myers 1989).

Reported BAFs for Cd ranged from 3.6 to 73 (Harrison and Klaverkamp 1989; Ricard et al.
1998; Hansen et al. 2002). A conservative BAF of 73 was selected to estimate Cd
concentrations in fish for the food chain models. Reported BAFs for Ni ranged from 18.2 to
61 (MEQB 1979; U.S. EPA 1980; Sreedevi et al. 1992). The conservative BAF of 61 was
selected to estimate Ni concentrations in fish for the food chain models.

4.3.6 Risk Assessment Method for Aquatic Communities

Measures of effects to aguatic communities including periphyton, benthic invertebrates, and
fish (Assessment Endpoints 1,2, and 3) were based on the results that were derived from the
SLERA. The SLERA egtimated risk to aguatic communities utilizing the HQ method by
comparing the measured concentrations of metds in surface water and/ or sediments to the
surface water and sediment BM values as described in Section 2.3.2.1.

Risk was calculated for the aguatic communities exposed to surface water and/or sediments
at four AOIs at the MA (Pit 3, Pit 4, Blood Pool, and Pollution Control Pond [PCP]) and at
seven AQIs in the PIA (Central Drainage, Upper Eastern Drainage, Lower Eastern Drainage,
Upper Blue Creek, Middle Blue Creek, and Lower Blue Creek, and FDR Lake). If the
concentration of a COPC measured in surface water and/or sediment exceeded the surface
water BM and/or the sediment BM (Table 2), periphyton, benthic macroinvertebrates, and fish
were considered at risk from exposure to that metal at that location.

In addition, a fidd survey was performed to evaluate the community structure of the benthic
community in Blue Creek and the Eastern Drainage (See Section 4.4).

4.3.7 Risk Assessment Method for Soil Microorganisms and Vascular Plants

Measures of effects to the soil community (Assessment Endpoint # 4) were evaluated utilizing
the HQ method by comparing the measured concentrations of metals in soils to the soil BM
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vaues that were selected for the SLERA described in Section 2.3.2.1.1. These soil BMs
provide more conservative values for assessing risk to this diverse community of soil
microorganisms, earthworms, and other soil dwelling organisms. Table 2 presents the find soil
BMs used for screening the risk to the soil community.

Measures of effectsto vascular plants (Assessment Endpoint # 5) were evauated utilizing the
HQ method by comparing the measured concentrations of metas in soils to the BM values for
terrestrial vascular plants presented in Table 3 derived from Efroymson et al. (1997a).

Risk was calculated for soil microorganisms and vascular plants exposed to soil at MA and at
four AQIs in the PIA including the Northeastern PIA, Southwestern PIA, East Haul Road, and
West Haul Road. If the concentration of a COPC measured in soil exceeded the plant BM
(Table 3) or the soil BM (Table 2), soil microorganisms or vascular plants were considered at
risk from exposure to that metal at that location.

4.3.8 Risk Assessment Method for Amphibians

Limited studies have been conducted in which adverse chronic effects of exposure to metals
on amphibians have been evaluated. Appendix K presents the TRVs that were derived from
these studies. The mgority of the studies evauated adverse effects to amphibians from
exposure to metas in water (Al, Cd, Cr, Cu, Pb, Mg and Zn). Very few studies were located
that evaluated exposure to metas in sediment (Cd and Zn), or dietary exposure (Cd and Pb).
No studies were available on the adverse effects of U to amphibians.

Measures of effects to amphibians (Assessment Endpoint 17) were evaluated utilizing the HQ
method by comparing the measured concentrations of metals in surface water and sediment
to the amphibian TRVs presented in Table 17a and Appendix K. Only COPCs for which
TRVs are avalable are included on the tables. If a TRV was not avalable, no conclusions
regarding risk could be made. Risk was calculated to amphibians at two AOIs in the MA (Pit
3 and Fit 4) and at sx AOIs in the PIA (Central Drainage, Upper Eastern Drainage, Lower
Eastern Drainage, Upper Blue Creek, Middle Blue Creek, and Lower Blue Creek.).

4.3.9 Risk Assessment Method for Wetland Plant and Wetland Invertebrate Communities
Measures of effects to wetland plants (Assessment Endpoint 18) were evaluated utilizing the
HQ method by comparing the measured concentrations of metals in sediment to the BM values
for terrestrial vascular plants presented in Table 3 derived from Efroymson et al. (19974).
A limited number of studies were located to evaluate the adverse effects of exposure to metals
to wetland plants. Subsequently, the BM values that have been derived for terrestrial vascular

plants were used to assess the risk to wetland plants.

Measures of effects to wetland invertebrates (Assessment Endpoint 19) were evaluated
utilizing the HQ method by comparing the measured concentrations of metals in sediment to
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4.4

4.5

the sediment BM values that were selected for the SLERA described in Section 2.3.2.1.2.
Table 2 presents the final sediment BMs used for screening the risk to wetland invertebrates.

Risk was calculated for wetland plants and wetland invertebrates exposed to sediment at two
AOQIs in the MA (Fit 3 and Fit 4) and a six AOIs in the PIA (Central Drainage, Upper
Eastern Drainage, Lower Eastern Drainage, Upper Blue Creek, Middle Blue Creek, and
Lower Blue Creek.). If the concentration of a COPC measured in sediment exceeded the
plant BM (Table 3) or the sediment BM (Table 2), wetland plants or wetland invertebrates
were considered at risk from exposure to that metal at that location.

4.3.10 Tota lonizing Radiation Assessment

The definitive risk characterization for this BERA will continue with USDOE (2002) sum-of-
the-fractions approach by conducting site-specific screening method using centrd tendency
(mean or median) radionuclide concentrations taking into account the spatial distribution of TIR
(Assessment Endpoints 20 to 22). It will follow the same procedures as defined in the SLERA
(See Section 2.3.2.3), but will substitute maximum radionuclide concentrations with central
tendency concentrations to compare with the conservative limiting BCG.

Site-Specific Aquatic Studies

Site-specific aguetic studies were performed in March 2003 for the purpose of supporting the BERA
by addressing some of the uncertainties that will be defined in the BERA related to aguatic habitats and
communities of Blue Creek. These studies provided data on the aguatic habitats and the
macroinvertebrate communities associated with the Eastern Drainage and Blue Creek and assessed
the potential impact of mine-related metals from the Eastern Drainage to Blue Creek. In addition, the
potential bioaccumulation of COPCs by the macroinvertebrate community was also assessed. The
sampling locations and methodology for these studies are provided in the Data Summary Report
(Appendix O).

Verification of Analysis Plan (Step 5)

Step 5 of the eight-step Superfund process evaluates whether the hypotheses, sampling plans, exposure
pathways and measurable attributes are appropriate for the ERA. The development of this ERA was
monitored throughout the process with the direction of the EPA/ERT work assignment manager
(WAM) and communications with EPA Region X and the Biological Technica and Advisory Group
(BTAG).
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5.0 ANALYSIS PHASE

The analysis phase is Step 6 of the eight-step Superfund process (USEPA 1997). It is the technical evaluation
of existing and potential exposure and ecological effects at the site based on the information collected during
Steps 1 through 5.

The analysis phase examines the two primary components of risk, exposure and effects. The objective is to
provide the ingredients necessary for determining or predicting ecological responses under exposure conditions.
The assessment endpoints and conceptual models developed during problem formulation provide the focus and
structure for the analyses. Measures of effects are the critical measurable attributes for this BERA since a
chemical risk causing adverse effects is necessary for the selection of any remedial action under CERCLA
(USEPA 1998, USEPA 1997).

The analysis phase is subdivided into three sections - Characterization of Ecosystems, Exposure, and Effects.
5.1 Characterization of Ecosystems

Habitat types at the Midnite Mine site include upland, riparian and wetland, rivering, and lacustrine. A
characterization of the aguatic, riparian/wetland, and terrestrial ecosystems was presented in the
Technical Memorandum, Ecological Characterization of Midnite Mine (URS 2000). An overview
of these ecosystems was described in Section 2.2.1.

5.1.1 Ecosystem Data
5.1.1.1 Surface Water Quality
Mined Area

Tables M1 to M5 (Appendix M) present the surface water quality data for the
collection pools in the MA (Fit 3, At 4, PCP, Blood Pool, and Outfdl Pool). With the
exception of Pit 4, the surface water in the collection pools in the MA were
characterized with low pH (4.1 to 5.4), high hardness (1,285 to 2,808 mg/L), high
sulfate (SO,) concentrations (1,638 to 3262 mg/L), high conductivity (2,377 to 3,439
microsiemens per centimeter [ uS/cm]), and high concentrations of dissolved solids
(2,354 t0 4,528 mg/L). The pH of Pit 4 was near neutral, and values for hardness, SO,
conductivity, and dissolved solids at Pit 4 were an order of magnitude lower than those
a other locations in the Mined Area (Table M 2). At al MA locations, nutrient
concentrations were low and dissolved oxygen concentrations were high.

Potentially Impacted Area

Tables M6 to M9 (Appendix M) present the surface water quality data for the Western
Drainage, Central Drainage, Upper Eastern Drainage, and Lower Eastern Drainage.
The surface water in dl the drainages was characterized by high concentrations for
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hardness (1,640 t02,051 mg/L), SO, (1,507 to 2,156 mg/L ), conductivity (2,249 to 2,698
puS/cm), and total dissolved solids (2,370 to 3,107 mg/L). Differences in water
characteristics among the drainages did not appear to be related to proximity to the
MA. Central and Western drainages had low pH; Upper Eastern and Lower Eastern
drainages had near neutral pH values. Nutrient levels were low in all drainages.

Tables M10 to M12 present the surface water quality data for Upper, Middle, and
Lower Blue Creek. The influence of the mine drainage was evident by the changes in
several water quality characteristics from the Upper Blue Creek to Middle Blue Creek,
for example, total hardness concentrations increased from an average of 62 mg/L at
Upper Blue Creek to 964 mg/L at Middle Blue Creek, SO, increased from an average
of 28 mg/L at Upper Blue Creek to 881 mg/L at Middle Blue Creek, conductivity
increased from an average of 134 puS/cm at Upper Blue Creek to 1,340 puS/cm at
Middle Blue Creek, and the chemical oxygen demand (COD) increased from 9.9 mg/L
at Upper Blue Creek to 35.5 mg/L at Middle Blue Creek. The pH in dl stretches of the
creek was neutral. Nutrient levelsin Blue Creek were low.

Sediment Quality
Mined Area

Table 13 presents the sediment quality data for Pit 3 within the MA. Sulfate,
phosphorus, and total organic carbon concentrations were high.

Potentially Impacted Area

Tables M 14a, M14b, and M 15 (Appendix M) present the sediment quality analyses
for the Western Drainage, Central Drainage, and Eastern Drainage. Sulfate,
phosphorus, and total organic carbon concentrations were high.

Tables M 16 to M 18 (Appendix M) present the sediment quality analyses for Upper,
Middle, and Lower Blue Creek. Higher SO, concentrations were observed at the
Middle and Lower Blue Creek compared to the Upper Blue Creek.

Soil Quality

Mined Area

Surface soil (0-5 cm) quality was tested at 16 locations in the MA (Table M 19). Some
parameters, such as pH, total organic carbon, akalinity, phosphorus, and SO,, displayed
high spatial heterogeneity.

Potentially Impacted Area
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TablesM 20 to M 23 (Appendix M) present the surface and subsurface (5-20 cm) soil
data for the Northeast PIA and the Southwest PIA. Only a limited number of soil
quality parameters were evaluated for subsurface soil samples. Soil (both surface and
subsurface) pH was generally about 6.0 to 6.5.

Tables M 24 to M 27 (Appendix M) present the surface and subsurface soil results the
East Haul Road and West Haul Road. Only a limited number of soil quaity parameters
were evauated for subsurface soil samples. East and West Haul Roads had similar
values for both subsurface and surface soils for most tof the parameters. Surface and
subsurface soil pH values were generdly around 6.0 to 7.0, with the exception of one
subsurface soil sample at East Haul Road, which had a pH of 4.8 (Table M 26).

Characterization of Exposure

Two primary modes of exposure - abiotic and total exposure -are evauated in this BERA. Abictic refers
to exposure from the environmental media including surface water, sediments, and soils. Total exposure
refers to the abiotic exposure plus the dietary component. The dietary component was characterized by
either site-specific tissue analyses or literature-derived BAFs.

521

Surface Water Metals Data

Appendix D presents analyses for surface water total and dissolved metals. Tables D-1 to D-
16 provide the results for the total metals in surface water and Tables D-17 to D-31 provide the
results for dissolved metals in surface water.

Only the maximum concentrations as total metalsin surface water were used for characterizing
risk to aquatic communities. For the food chain modeling both maximum and central tendency
concentrations as total metals were used for characterizing risk.

The highest contaminant concentrations (particularly Al, Be, Cd, Cr, Co, Cu, Mn, Ni, Se, U, and
Zn) in surface water for total metals occurred in the MA at Pit 3, Blood Pool, and PCP based
on maximum concentrations and central tendency concentrations (Tables D-1, D-3, and D-4).
The COPCs were present at lower concentrations at Pit 4 in the MA, but several contaminants,
particularly Ni and U, were measured at high levels (Table D-2). The Outfall Pond had the
lowest concentrations of COPCs with the exception of Ba (Table D-5).

Contaminant concentrationsin the surface water for total metals for the drainages reveded an
atenuation of contaminant levels compared to the higher concentrations measured in the MA;
however, the same group of COPCs identified in the MA were also prominent in the PIA
drainages (Tables D-6 to D-11). Uranium levels, along with Cd, Cu, Co, Mn, Ni, Ag, and Zn,
were present at the highest concentrations at the Central Drainage (Table D-9). An attenuation
for this same group of COPCs from higher concentrations at Upper Eastern Drainage to lower
concentrations at Lower Eastern Drainage was also evident when comparing the maximum
concentrations (Tables D-10 and D-11).
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In Blue Creek the highest COPC concentrations (particularly for Ag, Cu, Mn, Ni, and U) in
surface water for total metals occurred at Middle Blue Creek compared to lower levels
measured at Upper and Lower Blue Creek stations (Tables D-12 to D-14). Several COPCs,
including Cu, Mn, Ni, U, and Zn, tended to be at lower levels at Middle Blue Creek than at the
Lower Eastern Drainage based on either maximum or central tendency concentrations (Tables
D-11 and D-13).

5.2.2 Instream Sediment Metals Data

Appendix E presents the metal analyses for instream sediments for composite sampling and
grab sampling. Tables E-1 to E-14 provide the results of the metal analyses for the composite
sediments and Tables E-15 to E-29 provide the results of the metal analyses for the grab
sediments.

Since the SLERA retained a higher number of COPCs based on the grab sediments compared
to the composite samples and the maximum concentrations were higher for the grab sediments
than the composite sediments (See Section 2.4.1.2 and Tables 8 and 9), only the metal
concentrations for the grab sediments were used in the BERA. Maximum concentrations as
total metals were used for characterizing risk to aguatic communities, wetland plant
communities, and wetland invertebrate communities. For the food chain modeling both maximum
and central tendency concentrations for the metals measured in grab sediments were used.

The highest concentrations of COPCsin grab sediments in the MA, particularly Al, Be, Cd, Co,
Cu, Mn, Ni, U, and Zn, were measured at the PCP (Table E-18). The highest concentrations
of COPCs in the PIA grab sediments for the drainages occurred at the Central Drainage,
particularly for Co, U, and Zn and at the Lower Eastern Drainage, particularly for Mn and Ni
(Tables E-21 and E-23).

Middle Blue Creek had the highest maximum concentrations of severa COPCs, particularly for
As, Ba Cd, Co, Mn, Ni, U, and Zn compared to Upper Blue Creek and Lower Blue Creek
(Tables E-24 to E-26). Concentrations of COPCs tended to be at the lowest levels at FDR Lake
(Table E-27).

5.2.3 Riparian Sediment Metals Data

Appendix F presents the metal analysis for the riparian sediments collected at six AQIs in the
PIA. Tables F-1 to F-6 provide the results of the metal analyses for the riparian sediments. For
the food chain modeling both maximum and central tendency concentrations as total metals
were used.

The highest concentrations of COPCs in the riparian sediments occurred at the Central

Drainage, particularly for As, Be, Co, Cu, U, and Zn based on maximum and central tendency
concentration (Table F-2). The highest concentrations for Cd and Mn occurred at the Lower
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Eastern Drainage (Table F-4). Lowest concentrations of COPCs were measured at Lower
Blue Creek ( Table F-6).

524 Soil Metds Data

Appendix G presents the metal analyses for soils collected at the MA and four AOIs in the
PIA. Both surface and subsurface soils were collected. Tables G-1 to G-6 provide the results
of the metal analyses for the surface soils and Tables G-7 to G-11 provide the results of the
metal analyses for subsurface soils.

Maximum concentrations of metas in surface level and subsurface soils were used for
characterizing risk to terrestrial soil and plant communities. For the food chain modeling both
maximum and central tendency concentrations for the surface soils were used.

It appeared that higher contaminant concentrations (particularly Al, As, Cd, Cr, Co, Cu, Mn, Mo,
Ni, Se, U, V, and Zn) occurred in the surface soilsin the MA.

Except for U, most of the COPCs did not exhibit a high degree of variability based on maximum
and central tendency concentrations between the four AOIs in the PIA (Tables G-2 to G-5).
Uranium concentrations were the highest at the West Haul Road followed by the East Haul
Road (Tables G-4 and G-5).

Subsurface soils were not collected in the MA. COPCs followed a smilar trend as the surface
soils with litle variability between the AOIs. The highest U levels for the subsurface soils
occurred at the East Haul Road (Table G-9).

5.2.5 Totd lonizing Radiation Data

Sx siterelated radioisotopes — **Ra, ?®Ra, 2*?Th, U, *U, and #*U — were measured in
surface waters, instream sediments, riparian sediments, and soils in the MA and PIA. Total
ionizing radiation exposure was caculated based on sum-of-the-fractions method (USDOE
2002) as described in Section 2.3.2.3. The sum-of-the fractions approach combines the
exposure media to derive the TIR exposure to aquatic, riparian, and terrestrial systems.

Appendix H (Tables H-1 to H-37) provides the TIR calculations based on maximum
concentrations of the radioisotopes that were used for characterizing risk for the SLERA and
Appendix S (Tables S-1 to S-37) provides the TIR calculations based on central tendency
concentrations of the radioisotopes that were used for characterizing risk for the BERA.

5.2.6 Tissue Metds Data

Appendix N presents the metal analyses of the site- specific biological sampling for aquatic
plants and invertebrates, riparian plants and invertebrates, and terrestrial plants and
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invertebrates. The sampling methods and sampling locations are described in Section 4.2.3 and
Figure 8.

For food chain modeling the maximum concentration of metals in invertebrate and plant tissues
were used.

5.2.6.1

5.2.6.2

5.2.6.3

5.2.6.4

0081-DFR-093005

Terrestrial Invertebrate Tissue Data

Table N-1 (Appendix N) presents the metas analyses for the terrestrial invertebrates
collected at three upland sites situated in or aong the perimeter of the MA designated
as USL, US2, and US3 and one upland site in the PIA designated as US4 (Figure 8)
(SMI 1999c). No trends on the distribution of COPCs for the terrestrial invertebrates
between these sampling sites were apparent.

Riparian Invertebrate Tissue Data

Table N-2 (Appendix N) presents metals analyses for the riparian invertebrates
collected in the PIA including Upper Blue Creek, Middle Blue Creek, Central Drainage,
Eastern Drainage, and Western Drainage (Figure 8) (SMI 1999c). No trends on the
distribution of COPCs were apparent.

Aquatic Invertebrate Tissue Data

Table N-3 (Appendix N) presents metads anayses for the aguatic invertebrates
collected at Upper Blue Creek, Middle Blue Creek, Eastern Drainage, and Western
Drainage (Figure 8) (SMI 1999c). Middle Blue Creek and the Eastern Drainage had
higher concentrations of several COPCs, including Be, Cd, Mn, and Ni than Upper Blue
Creek or the Western Drainage. Higher U concentrations were also observed at Middle
Blue Creek and the Eastern and Western Drainages than at Upper Blue Creek.

Terrestrial Plant Tissue Data

Table N-4 (Appendix N) presents the metals analyses for the aboveground tissue for
the terrestrial plants and Table N-5 presents the metal analyses for the root tissue for
the terrestrial plants (SMI 1999b). Both aboveground plant tissue and root tissue were
collected at three upland sites situated in or along the perimeter of the MA designated
as US], US2, and US3 and one upland site in the PIA designated as US4 (Figure 8).

The highest levels in the aboveground tissue for several COPCs including Cd, Mn, Ni,
and U were measured at US2 in the MA (Table N-4). The root tissue had higher
concentrations of metals than the aboveground tissue (Tables N-4 and -5). The highest
levels of As, Be Cd, Cu, Co, Cr, Mn, Ni, and U in root tissue were measured at US2
in the MA (Table N-5).

103



5.2.6.5 Riparian Plant Tissue Data

Table N-6 (Appendix N) presents the metals analyses for the aboveground tissue for
the riparian plants and Table N-7 presents the metal analyses for the root tissue for the
riparian plants (SMI1 1999b). Both aboveground plant tissue and root tissue were
collected a Upper Blue Creek, Middle Blue Creek, Central Drainage, Eastern
Drainage, and Western Drainage (Figure 8).

No trends on the distribution of COPCs for the aboveground tissue were apparent. The
highest U levels for the aboveground tissue were measured in the Central Drainage
followed by the Western Drainage.

5.2.6.6 Aquatic Plant Tissue Data

Table N-8 (Appendix N) presents metals analyses for the aquatic plants collected at
Upper Blue Creek, Middle Blue Creek, Eastern Drainage, and Western Drainage
(Figure 8) (SMI 1999b). Relatively higher levels of Mn, Ni, U, and Zn in the aquatic
plants were measured at Middle Blue Creek than Upper Blue Creek. The highest levels
for U in aquatic plants were measured at the Western Drainage (Table N-8).

5.3 Characterization of Effects

5.3.1

Food Chain Models

Receptor species from severa trophic levels were used for the food chain modeling to
characterize exposure to the Assessment Endpoints 6 through 16. Organisms which are likely
to be exposed to contaminants because of specific behaviors, patterns of habitat use, or feeding
habits were selected for this evaluation. The terrestrial surrogate receptor species selected for
modeling exposure included the meadow vole, white-tailed deer, coyote, bobcat, deer mouse,
masked shrew, cliff swallow, song sparrow, American robin, great horned owl, American
kestrel, and spruce grouse. Surrogate receptors selected to model exposure utilizing aquatic or
riparian habitats included the muskrat, raccoon, mink, mallard, Wilson’s snipe, great blue heron,
and the bad eagle. Appendix L provides the life history and exposure profiles for each of these
receptors. The life history parameters used in the models are summarized in Tables 18 and 19.

The methods for characterizing risk to Assessment Endpoints 6 through 16 using food chain
models was described in Section 4.3.2. Figures 9 to 12 present a schematic depiction of the
food chain exposure models. These 19 receptors should be viewed as models for the
assessment endpoints and not the assessment endpoints themselves. Appendix J presents the
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TRVs of the COPCs to wildlife receptors, which were used for deriving the NOAEL and
LOAEL values. Table 16 lists the TRVs that were used in the models.

The mechanisms of release of COPCs and the resulting pathways of exposure through air,
water, sediment, and soil, are depicted in Figures 4 through 7. Food chain Models 1 and 2 were
used to estimate risk from abiotic exposures to instream sediments, riparian sediments, soils, and
surface water. Model 1 used conservative (maximum values) of the metal concentrations in
the environmental media and conservative life history parameters (minimum body weights and
maximum ingestion rates). Model 2 used central tendency concentrations of the metals in the
environmental media and representative life history parameters. Model 3 used the same
conservative abiotic exposures used in Mode 1 plus it incorporated the maximum concentration
for the dietary component. Model 4 used the same abiotic exposures used in Model 2 plus it
incorporated the maximum concentration for the dietary component.

Thirteen aquatic AOIls were evauated using food chain models. Five AOIs were in the MA,
and eight were in the PIA. In the MA (including locations Pit 3, Pit 4, PCP, Blood Pool, and
Outfall Pond), Model 1 was used to provide conservative estimates of risk from abiotic exposure
at instream locations for six aquatic or semi-aquatic receptors (raccoon, mink, mallard, Wilson's
snipe, great blue heron, and bad eagle) (Table 21). Sediment and water concentrations were
collocated. Model 2 was used to provide representative estimates of risk from abiotic exposure
for four receptors (raccoon, mink, mallard, and Wilson's snipe); model 2 was not run for the
great blue heron or bad eagle because HQs for Model 1 for these species were all less than
1.0. Site-specific tissue data were not available for sampling locations in the MA; therefore,
models 3 and 4 were run for only three receptors (mink, great blue heron, and bald eagle), using
water-to-fish BAFs to estimate dietary tissue concentrations ( See Section 4.3.5).

For the aguatic ecosystems in the PIA (Western Drainage, Central Drainage, Upper Eastern
Drainage, Lower Eastern Drainage, Upper Blue Creek, Middle Blue Creek, Lower Blue Creek,
and FDR Lake), Model 1 was used to provide conservative estimates of risk from abiotic
exposure at instream locations for muskrat, raccoon, mink, mallard, Wilson's snipe, great blue
heron, and bad eegle (Table 21). Sediment and surface water concentrations were collocated.
Model 2 was used to provide representative estimates of risk from abiotic exposure for
muskrat, raccoon, mink, mallard, and Wilson's snipe. Model 2 was not run for the great blue
heron or bald eagle, since the more conservative Model 1 results for the HQ's for these species
were al less than 1.0.

Assessment endpoints for Models 3 and 4included herbivorous mammals (muskrat), omnivorous
mammals (raccoon), piscivorous mammals (mink), omnivorous birds (mallard), and piscivorous
birds (great blue heron and bad eagle) (Table 21). Models 3 and 4 for the muskrat, raccoon,
and mallard used site-specific, collocated tissue data from the location in close proximity with
the most conservative (higher) maximum concentrations as follows. Western Drainage and
Central Drainage used tissue concentrations from Western Drainage; Upper Eastern Drainage
and Lower Eastern Drainage used tissue data from Eastern Drainage; Upper Blue Creek used
tissue concentrations from Upper Blue Creek; and Middle Blue Creek, Lower Blue Creek, and
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FDR Lake used tissue concentrations from Middle Blue Creek. Being more conservative,
instream (aquatic) rather than riparian plant and invertebrate tissue concentrations were used.
Because site-specific fish tissue data were not available, BAFs were used to estimate dietary
concentrations of COPCs for the mink, the great blue heron and the badd eagle. For the
Wilson's snipe, Models 3 and 4 were run using riparian rather than instream sediment.

Six riparian areas in the PIA were used for modeling, the muskrat and Wilson's snipe (Table
21), including Western Drainage, Central Drainage, Upper Eastern Drainage, Lower Eastern
Drainage, Middle Blue Creek, and Lower Blue Creek. Models 1 and 2 were used to provide
conservative and representative estimates of risk, respectively, from abictic exposure to riparian
sediments. Instream surface water and riparian sediment concentrations were collocated.
Models 3 and 4 were aso run using riparian sediment concentrations for the Wilson's snipe.
Instream invertebrate tissue rather than riparian invertebrate tissue concentrations were used
in these models which provided a more conservative risk estimate. Models 3 and 4 used site-
specific, collocated tissue data from the location in close proximity with the most conservative
(higher) maximum concentrations as follows: Western Drainage and Central Drainage used
tissue concentrations from Western Drainage; Upper Eastern Drainage and Lower Eastern
Drainage used tissue data from Eastern Drainage; Upper Blue Creek used tissue concentrations
from Upper Blue Creek; and Middle Blue Creek and Lower Blue Creek used tissue
concentrations from Middle Blue Creek. For the muskrat, Models 3 and 4 were run using
instream rather than riparian sediment concentrations, since the instream sediment
concentrations were more conservative (higher).

Five terrestrial and/or upland AOIs were evaluated using the food chain models that included
the MA and four AOIs in the PIA designated as Northeast PIA, Southwest PIA, East Haul
Road, and West Haul Road. Modds 1, 2, 3, and 4 were used to provide conservative and
representative estimates of risk from abiotic and total exposure to soil and surface water.
Twelve terrestrial receptors (meadow vole, white-tailed deer, coyote, bobcat, deer mouse,
masked shrew, cliff swallow, song sparrow, American robin, great horned owl, American
kestrel, and sprucegrouse) were used for modeling exposure (Table 21). The song sparrow was
used as a receptor for both the herbivorous and omnivorous birds. Models for the MA were run
twice, once using COPC concentrations measured in surface water from Pit 3, and once using
COPC concentrations measured in surface water collected in the PCP. The soil exposures for
the AOIsin the PIA were modeled with surface water exposures that were in close proximity
of the AOI and presented more conservative (higher) concentrations of contaminants in the
surface water, as follows: Northeast PIA and East Haul Road used surface water
concentrations from Upper Eastern Drainage, Southwest PIA wused surface water
concentrations from Central Drainage, and West Haul Road used surface water concentrations
from Western Drainage. Modeling to characterize risk was performed for herbivorous mammals
(meadow vole and white-tailed deer), omnivorous mammals (deer mouse), carnivorous
mammals (coyote and bobcat), soil invertebrate feeding mammals (masked shrew), herbivorous
birds (spruce grouse and song sparrow), omnivorous birds (song sparrow), carnivorous birds
(great horned owl and American kestrel), soil invertebrate feeding birds (American robin), and
insectivorous birds (cliff swallow). Models 3 and 4 used site-specific, collocated (in the MA or
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the PIA) tissue data (maximum concentrations) for the meadow vole, white-tailed deer, deer
mouse, song sparrow, spruce grouse, and cliff swallow. Because site-specific tissue data for
smal mammals and soil invertebrates were not available, BAFs were used to estimate dietary
concentrations of COPCs for the coyote, bobcat, masked shrew, American robin, American
kestrel, and great horned owl (See Section 4.3.5).

The results of the food chain models are presented in the risk characterization (Sections 6.6 to
6.16).

5.3.2 Site-Specific Aquatic Studies

Recent surveys charecterizing the aguatic habitats and communities residing in Blue Creek and
the Eastern Drainage are limited (URS 2000, URS 20014). Instream macroinvertebrate surveys
that served to demonstrate the extent of the impact of the mine drainages discharging into Blue
Creek via the Eastern Drainage were conducted in 1986-87 (Cairns, et al. 1988, Plotnikoff, et
al.1988). More recent studies were conducted in March 2003 for this ERA and presented in
the BERA of this report (See Appendix O). These 2003 studies include a survey of the
macroinvertebrate communities in Blue Creek and the Lower Eastern Drainage.

6.0 RISK CHARACTERIZATION

Step 7 of the eight-step Superfund process (U.S. EPA 1997) focuses on the risk characterization which
integrates exposure and effects data for estimating risks to assessment endpoints. The measures of effects are
the critical measurable attributes for this BERA since a chemical risk causing adverse effects is necessary for
the selection of any remedia action under CERCLA. Each of the following subsections reviews one assessment
endpoint, the testable hypotheses and measurable attributes used to assess risk, and concludes with a
determination of risk to that assessment endpoint.

The SLERA (Section 2.0) identified a list of COPCs. However, not al of those COPCs been carried through
this BERA. Section 3.2 details the reasoning for excluding Al, Hg, Fe, and Mg from consideration in the aquatic
portion of the BERA, and for excluding Al, Fe, and Mg in the terrestrial and riparian portions of the BERA. All
of the other COPCs identified in the SLERA were carried through the BERA.

6.1 Assessment Endpoint #1: Viability and Function of the Periphyton Community

The ecologica fitness and integrity of the periphyton community was evaluated based on the risk
characterization that was derived for the SLERA as defined by the chemical analyses of surface water.
Benchmark values utilized in the SLERA, derived primarily from NRWQC (See Section 2.3.2.1), were
compared to the concentrations of contaminants in surface water to determine the HQ. Risk to the
periphyton community was defined if the HQ was equal to or greater than 1.0, or the BM value was
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below the SDL. For this Assessment Endpoint, no additional data was collected to refine the risk
estimates from the SLERA.

Fourteen COPCs measured as total metas in surface waters exceeded BM values associated with
adverse effects to periphyton: Al, Ag, Ba, Be, Cd, Cr, Co, Cu, Mn, Ni, Pb, Se, U, and Zn (Table 22).

Eleven COPCs measured as dissolved metals in surface waters exceeded BM values associated with
adverse effects to periphyton: Ag, Ba, Be, Cd, Cr, Co, Cu, Mn, Ni, Pb, and Zn (Table 23).

6.1.1 Risk Characterization Summary for the Periphyton Community

All AQIs are at risk based on metals concentrations in the surface waters (Tables 22 and 23).
At Pit 3, Blood Pool, and the PCP, 14 COPCs as total metals exceeded BM values. Pit 4 and
the Outfall Pond had fewer COPCs which exceeded BM values, and the HQs were one to
three orders of magnitude lower for most of the COPCs. Pit 4 had 11 COPCs as total metas
which exceeded BM values, and the Outfall Pond had seven COPCs which exceeded BM
values (Table 22).

The HQs for most of the COPCs for the AOIs in the PIA were often one to three orders of
magnitude lower than the HQs at Pit 3, Blood Pool, and the PCP. The Central Drainage had
the highest HQs for Cd, Co, Cu, Mn, and Ni relative to the other AOIs in the PIA. The
Northeastern Drainage had the highest HQs for Al, Ba, Be, Cr, Pb, and U relative to the other
AOQOIs in the PIA. The highest HQs for U were at Northeastern and Central Drainages. Upper
Blue Creek has seven COPCs as total metals which exceeded BM values compared to Middle
Blue Creek and Lower Blue Creek with 11 and nine COPCs which exceeded BM values,
respectively (Table 22).

Assessment Endpoint #2: Viability and Function of the Benthic Macroinvertebrate Community

The viability of the benthic macroinvertebrate community and organism survivability was evauated
through chemical analyses of sediment and surface water, and a field survey of the benthic
macroinvertebrate community.

6.2.1 Comparison of Site-Specific Sediment Metal Concentrations to Benchmark Values

The ecological fitness and integrity of the benthic invertebrate community was evaluated based
on the risk characterization that was derived for the SLERA. Risk to the benthic
macroinvertebrate community was defined if the HQ was equal to or greater than 1.0, or the
BM value was not available, or the BM value was below the SDL. Benchmark values for
surface water and sediments utilized in the SLERA, (See Section 2.3.2.1) were compared to
the concentrations of contaminants detected in surface water and sediments.
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6.3

6.2.2

6.2.3

The same COPCs in surface water that were associated with adverse effects to periphyton
(Assessment Endpoint #1 ) are also associated with adverse effects to benthic invertebrates
(Tables 22 and 23).

Benthic Stream Survey Results

A benthic survey performed in March 2003 showed that the macroinvertebrate communities in
Blue Creek below the confluence of the Eastern Drainage and the Eastern Drainage are
impacted relative to Upper Blue Creek. A full description of the survey can be found in
Appendix O. The benthic macroinvertebrate community in the Lower Eastern Drainage and
at three stations in Middle and Lower Blue Creek exhibited an ailmost complete lack of mayflies
compared to Upper Blue Creek stations, and a shift of community structure appeared evident.
In Middle Blue Creek, environmental stresses related to Midnite Mine drainage include elevated
metals in stream channel sediments and water, as well as water quality impacts (e.g. high
hardness, conductivity, sulfate, and dissolved solids). In addition, the flow volumes and water
quality vary significantly depending on whether the WTF is discharging water.

A storm event that preceded the benthic sampling may have affected the results of benthic
sampling at the Middle Blue Creek station closest to Upper Blue Creek. Benthic organisms
may have been flushed downstream from upper Blue Creek, contributing to an increased
species richness measured at the immediate downstream station below the confluence of the
Eastern Drainage.

Risk Characterization Summary for the Benthic Macroinvertebrate Community

The risk characterization summary provided for Assessment Endpoint #1 (Section 6.1) for total
and dissolved metals in surface water is the same for this Assessment Endpoint (Tables 22 and
23).

All AQIs are at risk from the above COPCs in sediments. The PCP had the highest number
of COPCs (13) and the highest HQs for Ba, Be, Cd, Co, Cu, Mn, Ni, U, and Zn, based on grab
sediments (Table 24). Pit 3 and the Outfall Pond ranked second and third in the number of
COPCs which exceeded BM vaues with nine and eight, respectively. Pit 4 had six COPCs that
exceeded BM values, and the Blood Pool had 8 (Table 24). Antimony, Se, and Ag had BM
values below the SDL at a number of AOIsin the MA and PIA.

The Central Drainage had nine COPCs which exceeded BM values in grab sediments. The
highest HQ for U in the PIA was at the Central Drainage. The Upper and Lower Eastern
Drainages had seven and nine COPCs which exceeded BM values, respectively. Middle Blue
Creek and Lower Blue Creek had 10 and five COPCs as grab sediments which exceeded BM
values, respectively. Upper Blue Creek and FDR Lake had the lowest number of COPCs
exceeding BM values, with four and two, respectively.

Assessment Endpoint #3: Viability and Function of the Fish Community
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The ecological fitness and integrity of the fish community was evaluated based on the risk
characterization that was derived for the SLERA. Benchmark values utilized in the SLERA, derived
primarily from NRWQC (See Section 2.3.2.1), were compared to concentrations of contaminants in
surface water to determine the HQ. Risk to the fish community was defined if the HQ was equa to
or greater than 1.0, or the BM value was below the SDL. For this Assessment Endpoint, no additiona
data was collected to refine the risk estimates from the SLERA.

Fourteen COPCs measured as total metas in surface waters exceeded BM values associated with
adverse effects to fish: Al, Ag, Ba, Be, Cd, Cr, Co, Cu, Mn, Ni, Pb, Se, U, and Zn (Table 22).

Eleven COPCs measured as dissolved metals in surface waters exceeded BM values associated with
adverse effects to fish: Ag, Ba, Be, Cd, Cr, Co, Cu, Mn, Ni, Pb, and Zn (Table 23).

6.3.1 Risk Characterization Summary for the Fish Community

All AOIs are at risk from metals concentrations in surface water (Tables 22 and 23). At Pit
3, Blood Pool, and the PCP, 14 COPCs as total metals exceeded BM values. Pit 4 and the
Outfall Pond had fewer COPCs which exceeded BMs, and the HQs were one to three orders
of magnitude lower for most of the COPCs. Pit 4 had 11 COPCs as total metals which
exceeded BM values, and the Outfall Pond had seven (Table 22).

The HQs for most of the COPCs for the AOIs in the PIA were one to three orders of
magnitude lower than the HQs at At 3, Blood Pool, and the PCP. The Central Drainage had
the highest HQs for Cd, Co, Cu, Mn, and Ni relative to the other AQOIs in the PIA. The
Northeastern Drainage had the highest HQs for Al, Ba Be, Cr, Pb, and U relative to the other
AOQOIs in the PIA. The highest HQs for U were at Central and Northeastern Drainages. Upper
Blue Creek had seven COPCs as total metals which exceeded BM vadues compared to Middle
Blue Creek and Lower Blue Creek with 11 and nine, respectively (Table 22).

6.3.2 Overal Characterization of Risk to Aquatic Communities (Assessment Endpoints 1, 2, 3)

It is recognized that risk based exclusively on screening level BM values presents a weak line
of evidence. However, even if additional site-specific studies were conducted to improve upon
the weight-of-evidence, risk to the aquatic communities would still be expected for the MA. In
addition to the poor water quality conditions (low pH, high SO,, high hardness) in the lacustrine
habitats, the high metals concentrations in surface water and sediment pose substantial risk.
The PIA drainages are also characterized by poor water quality; additionally several flow
intermittently or have low-flow conditions that could impact supporting and sustaining a diverse
aguatic community. However, the wide range and magnitude of COPCs in the PIA drainages
would be expected to pose risk to the aguatic communities.

The studies conducted in March 2003 indicated a shift in macroinvertebrate communities from
Upper to Middle and Lower Blue Creek (Appendix O). Upper Blue Creek is characterized by
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low hardness, low SO, concentrations, and low tota dissolved solids. Middle and Lower Blue
Creek are influenced by water from the Eastern Drainage that increases metals, hardness and
SO, concentrations, and conductivity. However, the impact of the Eastern Drainage on the
aquatic communities of Blue Creek is associated with some uncertainty as described in
Appendix O.

There appears to be risk associated with mine-related COPCs, but the magnitude of the risk and
the links to causative factors in water and sediment chemistry are confounding. The limited
data collected for this study does not address the differentia effects of in-place COPCs versus
COPCs released from the mine versus water quality parameters.

Assessment Endpoint #4: Viability and Function of the Terrestrial Soil Community

To evaluate risk to the terrestrial soil community, measured concentrations of metals in surface and
subsurface soils were compared to the soil BM vaues selected for the SLERA. (Section 2.3.2.1, Table
2). If the concentration of a COPC in soil exceeded the BM, soil microorganisms were considered to
be at risk.

Surface Soils

Table 26 and the following discussion summarize the calculated risk for soil microorganisms exposed to
surface soils at the MA, Northeast PIA, Southwest PIA, East Haul Road and West Haul Road.

Mined Areas Calculated HQs exceeded or were equal tol1.0 for As, Cd, Cr, Co, Cu, Pb, Mn,
Mo, Ni, Se, Tl, U, V, and Zn indicating that soil microorganisms are at risk.

Northeast PIA: Caculated HQs exceeded 1.0 for As, Cr, Mn, U, V, and Zn indicating that soil
microorganisms are at risk.

Southwest PIA: Calculated HQs exceeded 1.0 for Cr, Mn, U, V, and Zn indicating that soil
microorganisms are at risk.

East Haul Road: Calculated HQs exceeded or were equal to 1.0 for As, Cr, Co, Cu, Mn, Mo,
Ni, U, V, and Zn indicating that soil microorganisms are at risk.

West Haul Road: Calculated HQs exceeded or were equal t01.0 for As, Cr, Cu, Mn, Mo, U,
V, and Zn indicating that soil microorganisms are at risk.

Subsurface Soils

Table 27 and the following discussion summarize the calculated risk for soil microorganisms exposed to
subsurface soils at the Northeast PIA, Southwest PIA, East Haul Road and West Haul Road.
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6.4.1

Northeast PIA: Calculated HQs exceeded 1.0 for As, Cr, Mn, U, and V indicating that soil

microorganisms are at risk.

Southwest PIA: Calculated HQs exceeded 1.0 for Cr, Mn, U, and V indicating that soil

microorganisms are at risk.

East Haul Road: Calculated HQs exceeded or were equal t01.0 for As, Cr, Mn, Mo, U, V, and
Zn indicating that soil microorganisms are at risk.

West Haul Road: Calculated HQs exceeded 1.0 for Cr, Mn, U, and V indicating that soil
microorganisms are at risk.

Risk Characterization Summary for the Terrestrial Soil Community

Chromium, Mn, U, V, and Zn in surface soils exceeded the BM vdues at dl AOIs (Table 26).
Arsenic, Co, Cu, Mo, and Ni also exceeded BM vaues at some locations. Four COPCs
exceeded the BM vaues at only the MA; Cd, Pb, Se, and TI. Antimony, Ba, Be, and Ag in
surface soils did not exceed BM vaues at any locations, and do not pose a risk to soil
microorganisms.

Subsurface soil Cr, Mn, U, and V exceeded BM values at al AOIs in the PIA (Table 27).
Arsenic exceeded its BM at some locations. Molybdenum and Zn exceeded BM values at only
the East Haul Road. Antimony, Ba, Be, Cd, Co, Cu, Pb, Ni, Se, Ag, and Tl did not exceed BM
at any locations, and do not pose arisk.

Assessment Endpoint #5: Viability and Function of the Terrestria Plant Community

To evduate risk to the terrestrial plant community, metals in soil were compared to the plant BM values
described in the SLERA (Section 2.3.2.1, Table 3). If the concentration of a soil COPC exceeded the
BM, terrestrial plants were considered to be at risk.

Surface L evel Soils

Table 28 and the following discussion summarize the calculated risk for terrestrial plants exposed to
surface soils at the MA, Northeast PIA, Southwest PIA, East Haul Road and West Haul Road.

Mined Area: Calculated HQs exceeded or were equal tol.0 for As, Cd, Cr, Co, Pb, Mn, Mo,
Ni, Se, Tl, U, V, and Zn indicating that plants are at risk.

Northeast PIA: Caculated HQs exceeded 1.0 for As, Cr, Mn, U, V, and Zn indicating that
plants are at risk.

Southwest PIA: Calculated HQs exceeded 1.0 for Cr, Mn, U, V, and Zn indicating that plants
are at risk.

0081-DFR-093005 112



6.6

East Haul Road: Calculated HQs exceeded or were equal t01.0 for As, Cr, Co, Mn, Mo, Ni,
U, V, and Zn indicating that plants are at risk.

West Haul Road: Calculated HQs exceeded 1.0 for As, Cr, Mn, Mo, U, V, and Zn indicating
that plants are at risk.

Subsurface Soils

Table 29 and the following discussion summarize the calculated risk for terrestrial plants exposed to
subsurface soils at the Northeast PIA, Southwest PIA, East Haul Road and West Haul Road.

6.5.1

Northeast PIA: Calculated HQs exceeded 1.0 for As, Cr, Mn, U, and V indicating that plants
are at risk.

Southwest PIA: Calculated HQs exceeded 1.0 for Cr, Mn, U, V, and Zn indicating that plants
are at risk.

East Haul Road: Calculated HQs exceeded or were equal tol.0 for As, Cr, Mn, Mo, U, V, and
Zn indicating that plants are at risk.

West Haul Road: Calculated HQs exceeded 1.0 for Cr, U, and V indicating that plants are at
risk.

Risk Characterization Summary for the Terrestrial Plant Community

Chromium, Mn, U, V, and Zn exceeded plant BM vaues at dl of the AOls. Arsenic, Co, Mo,
and Ni exceeded the plant BM vaues at some locations. Cadmium, Pb, Se, and Tl exceeded
the plant BMs at only the MA. Surface soil Sb, Ba, Be, Cu, Hg, and Ag did not exceed BM
values at any locations, and do not pose a risk.

Subsurface soil Cr, U, and V exceeded the plant BM values at all of the AOIs in the PIA.
Arsenic, Mn, and Zn exceeded the plant BM vaues at some locations. Molybdenum exceeded
the plant BM only at East Haul Road. Subsurface soil Sh, Ba, Be, Cd, Co, Cu, Pb, Ni, Se, Ag,
and Tl did not exceed BM at any locations, and do not pose arisk.

Assessment Endpoint #6: Viability and Function of the Herbivorous Mamma Community

Dietary exposure concentrations for the herbivorous mamma community were modeled using the
meadow vole, white-tailed deer, and the muskrat. Exposure scenarios were modeled using the input
parameters in Table 18. The meadow vole and the white-tailed deer were modeled for the terrestrial
AOIs in the MA and PIA, while the muskrat was modeled for the instream and riparian AOIs in the
PIA only.
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Exposure scenarios for the meadow vole and white-tailed deer were calculated for the MA, the
Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil
ingestion was collocated with water ingestion from Rt 3 and the PCP. For the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road, water ingestion was collocated with the
Upper Eastern Drainage, Centra Drainage, Upper Eastern Drainage, and the Western Drainage,
respectively. Model 1 was calculated using maximum concentrations of soil and surface water and
conservative life history parameters. Model 2 was calculated using central tendency concentrations of
soil and surface water and representative life history parameters.

Modes 3 and 4 include food ingestion using site-specific terrestrial plant tissue. Of the four models,
Mode 3 is the most conservative. For the meadow vole both the aboveground plant tissue and root
tissue were modeled separately. Model 3 for the meadow vole was caculated using the same
parameters as Modd 1 plus the maximum concentrations for both aboveground plant tissue and root
tissue, respectively. Model 4 for the meadow vole was calculated using the same parameters as Model
2 plus the maximum concentrations for both the aboveground plant tissue and root tissue, respectively.

For the white-tailed deer, Model 3 was calculated using the same parameters as Model 1 plus the
maximum concentration for the aboveground plant tissue. Model 4 for the white-tailed deer was
calculated using the same parameters as Model 2 plus the maximum concentration for the aboveground
plant tissue.

Exposure scenarios for the muskrat were calculated for the riparian/aquatic AOls in the PIA including
the Western, Central, Upper Eastern and Lower Eastern Drainages, Blue Creek, and FDR Lake. Mode
1 was calculated using the maximum concentrations of the instream sediments and riparian sediments,
aong with the maximum concentrations of the collocated surface water and conservative life history
parameters. Model 2 was calculated using central tendency concentrations of instream and riparian
sediments, along with the central tendency of the surface water and representative life history
parameters. Model 3 was calculated using the same parameters as Model 1 plus the maximum
concentrations for the aguatic plant tissue. Model 4 was calculated using the same parameters as Model
2 plus the maximum concentrations for the agquatic plant tissue.

6.6.1 Risk To Herbivorous Mammalsin Terrestrial Ecosystems
Mined Area
The herbivorous mammal community in the MA is at risk from abiotic exposure to Se, U, and
V based on Modd 1 results (Table 39A). Arsenic, Mn, Mo, and Tl may pose a risk to the
herbivorous mammal community.
Herbivorous mammals may be at risk from abiotic exposure to U based on Model 2 results.
Total exposure modeling indicates that the herbivorous mammal community is at risk from Mn,

Se, and U (V was not analyzed in plant tissue) whether the dietary component was composed
of 100% root tissue or 100% aboveground plant tissue based on Model 3 results. Additional
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metds (As, Cd, Cu, Pb, Tl, and Zn) may pose a risk to the herbivorous mammal community
from total exposure based on Model 3 calculations (Table 39A).

Total exposure modeling based on Model 4 calculations indicates that the herbivorous mammal
community is at risk from U when the diet is 100% root tissue. Arsenic, Cd, Mn, and Se may

also pose arisk to herbivorous mammals in the MA (Table 39A).

Potentially Impacted Area

Of the four AQIls in the PIA, the herbivorous mammal community is at risk at the West Haul
Road PIA from abiotic exposure to U based on conservative Model 1 calculations. Herbivorous
mammals may also be at risk from abiotic exposure to U and V in the Northeast and Southwest
PIA; As, U and V in the East Haul Road PIA; and Mo and V in the West Haul Road PIA
(Table 39A).

No risk to herbivorous mammals was indicated at any of the terrestrial AOIs in the PIA based
on abiotic exposure using representative Model 2 exposure parameters.

Total exposure modeling indicates that in each of the AOIs in the PIA, herbivorous mammals
are at risk from Mn and U, when the diet was 100% root tissue. When the diet was 100%
aboveground plant tissue, only the herbivorous mammal community utilizing the West Haul Road
was at risk from U. Arsenic, Cd, Cu, Pb, Se, Tl, and Zn may pose a risk to herbivorous
mammals from total exposure based on Model 3 calculations, depending on whether the diet
was 100% root tissue or 100% aboveground plant tissue (Table 39A).

Total exposure modeling using representative Model 4 exposure parameters indicates that the
herbivorous mammal community is at risk from U at each of the AOIs in the PIA when the diet
is 100% root tissue. Arsenic, Cd, Mn, and Se may pose a risk from total exposure based on
Model 4 results depending on the AOI (Table 39A).

6.6.2 Risk to Herbivorous Mammals in Aquatic Ecosystems
Mined Area

Risk to herbivorous mammals in the MA was not evaluated using food chain models because
in situ aguatic vegetation data does not exist.

Potentially Impacted Area

The herbivorous mammal community is at risk from abiotic exposure to U in the Central
Drainage based on results from Model 1 (Tables 40b and 41). It cannot be concluded that
herbivorous mammals are not at risk from abiotic exposure to U in the Western Drainage, Mn
and Se in the Lower East Drainage; and Mn in Middle Blue Creek.
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The herbivorous mammal community is at risk from abiotic exposure to U in the Central
Drainage. It cannot be concluded that herbivorous mammals are not at risk from abiotic Se
exposure in the Lower East Drainage PIA based on Model 2 results (Tables 40b and 41).

Based on total exposure modeling using Model 3 exposure parameters, herbivorous mammals
are a risk from Mn and U in al of the PIAs. Herbivorous mammals are also at risk from Ba
in Upper Blue Creek, and from Ba, Cd, and Ni in Middle and Lower Blue Creek and FDR
Lake. Depending on the PIA, it cannot be concluded herbivorous mammals are not at risk from
exposure to As, Ba, Be, Cd, Co, Cu, Ni, Se, Ag, and Zn (Tables 40b and 41).

Using Model 4 exposure parameters, herbivorous mammals are at risk from exposure to Mn and
U in dl of the PIAs. Herbivorous mammals are aso at risk from Ba in Upper Blue Creek, and
from Ba Cd, and Ni in Middle and Lower Blue Creek and FDR Lake. Depending on the PIA,
it cannot be concluded that herbivorous mammals are not at risk from exposure to As, Ba, Be,
Cd, Co, Cu, Se, Ag, and Zn (Tables 40b and 41).

6.6.3 Risk to Herbivorous Mammals in Riparian Ecosystems

The herbivorous mammal community is at risk from abiotic exposure to U in the Central
Drainage riparian area based on results from Model 1 (Table 41).

Using Model 2 exposure parameters, it cannot be concluded that the herbivorous mammal
community is not at risk from abiotic exposure to U in the Central Drainage riparian area (Table
41).

Total exposure of herbivorous mammals was not evaluated for the riparian areas because the
aguatic vegetation tissue would be driving the risk having higher tissue concentrations than the
riparian tissue.

6.6.4 Risk Characterization Summary for the Herbivorous Mammal Community

When the meadow vole (Table QA) was modeled, the consumption of 100% root tissue resulted
in predicted risk from more COPCs and at higher HQs. It should be noted that 100%
consumption of root tissue is not a representative meadow vole diet; atypical diet would consist
of alarger percentage of aboveground tissue. The consumption of 100% roots results in a more
conservative estimate of risk.

When white-tailed deer (Table QB) were modeled, calculated risk was driven by incidental
ingestion of soil and surface water ingestion. Surface water bodies present a attraction for
these animal's consuming water and the mineral salt deposits around the perimeter.

When muskrat (Table QC 1 and QC 2) were modeled, calculated risk was driven by metals
concentrations in aquatic vegetation.
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Assessment Endpoint #7: Viability and Function of the Carnivorous Mamma Community

Dietary exposure concentrations for the carnivorous mammal community were modeled using the coyote
and the bobcat. Four exposure scenarios were modeled using input parameters in Table 18.

Each exposure scenario was calculated for the MA and four AOIs in the PIA including the
Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil
ingestion was collocated with water ingestion from Fit 3 and from the PCP. For the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road, water ingestion was collocated with the
Upper Eastern, Central, Upper Eastern, and the Western Drainage, respectively. Model 1 was
caculated using maximum concentrations of soil and surface water and conservative life history
parameters. Model 2 was calculated using central tendency concentrations of soil and surface water
and representative life history parameters. Models 3 and 4 include food ingestion using literature-based
BAF values for small mammals. Model 3 was calculated using the same parameters as Model 1 plus
the maximum BAF vdue. Model 4 was calculated using the same parameters as Model 2 plus the
maximum BAF value. Of the four models, Model 3 is the most conservative.

6.7.1 Risk to Carnivorous Mammalsin Terrestrial Ecosystems
Mined Area

Model 1 calculations indicate that carnivorous mammals may be at risk from abiotic exposure
to Se, U, and V.

When representative Model 2 exposure parameters are used, it cannot be concluded that
carnivorous mammals are not at risk from abiotic exposure to U (Table 39a).

Total exposure modeling indicates that carnivorous mammals in the MA are at risk from
exposure to Cd, Mo, Se, U, and Zn based on conservative Model 3 results. Lead and V may
also pose arisk (Table 393).

When Model 4 exposure parameters are used, it cannot be concluded that carnivorous mammals
are not at risk from total exposure to Cd, Mo, Se, and U (Table 39a).

Potentially Impacted Area

It cannot be concluded that carnivorous mammals are not at risk from abiotic exposure to U in
the West Haul Road PIA, using Model 1 exposure parameters (Table 39a).

No risk to carnivorous mammals was predicted using Model 2 calculations.

Total exposure modeling with conservative Modd 3 indicates that carnivorous mammals are at
risk at the Northeast PIA from exposure to Cd; and at the East and West Haul Road PIAs from
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exposure to Cd and U. Cadmium, Mo, Se, U, and Zn may pose a risk to carnivorous mammals
depending on the AOI (Table 39a).

It cannot be concluded that carnivorous mammals are not at risk from exposure to Cd at each
of the AQIs, and U at the East and West Haul Road (Table 39a).

6.7.2 Risk Characterization Summary for the Carnivorous Mammal Community

Conservative exposure models which include only site-specific metal concentrations in soil and
surface water indicate Se, U and V in the MA may be of concern to carnivorous mammals
(Tables QD and QE). Model 2, which incorporates central tendency site-specific metal
concentrations in soil and surface water, indicates U may be of concern to carnivorous
mammals that utilize the MA.

Modes which incorporate predicted metal concentrationsin prey species predict increased risk
to carnivorous mammals that utilize the site, indicating food chain exposure may be significant
for carnivorous mammals. Model 3 HQs indicate carnivorous mammals are at risk from
exposure to Cd, Mo, Se, U, and Zn in the MA; and Cd and U in the PIAs. Lead and V may
be of concern in the MA, and Mo, Se and Zn may be of concern in the PIAs.

Model 4 HQs indicate Cd, Mo, Se, and U may be of concern to carnivorous mammals in the
MA; and Cd and U may be of concern in the PIAS.

Assessment Endpoint #8: Viability and Function of the Omnivorous Mammal Community

Dietary exposure concentrations for the omnivorous mammal community were modeled using the deer
mouse and the raccoon. Exposure scenarios were modeled using input parameters in Table 18. The
deer mouse was modeled for the terrestrial AOIs in the MA and PIA, while the raccoon was modeled
for the water bodies in the MA and the riparian/aquatic AOlsin the PIA.

Exposure scenarios for the deer mouse were calculated for the MA, the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil ingestion was collocated
with water ingestion from Fit 3 and the PCP. For the Northeastern PIA, Southwestern PIA, East Haul
Road, and West Haul Road, water ingestion was collocated with the Upper Eastern, Central, Upper
Eastern, and the Western Drainages, respectively. Model 1 was calculated using maximum
concentrations of soil and surface water and conservative life history parameters. Model 2 was
calculated using central tendency concentrations of soil and surface water and representative life history
parameters. Models 3 and 4 include food ingestion using site-specific terrestrial plant and invertebrate
tissue. Model 3 was calculated using the same parameters as Model 1 plus the maximum concentrations
for both aboveground plant tissue and invertebrate tissue. Model 4 for the deer mouse was cal culated
using the same parameters as Model 2 plus the maximum concentration for both the aboveground plant
tissue and invertebrate tissue. Of the four models, Model 3 is the most conservative.

0081-DFR-093005 118



Exposure scenarios for the raccoon were calculated for the water bodies in the MA and the
riparian/aguatic AOIs in the PIA. The AOIs in the MA include Pit 3, Pit 4, PCP, Blood Pool, and
Outfall Pond. The AOIs in the PIA include the Western, Central, Upper Eastern and Lower Eastern
Drainages, Blue Creek, and FDR Lake. Model 1 was caculated using the maximum concentrations of
the instream sediments and the surface water and conservative life history parameters. Model 2 was
calculated using central tendency concentrations of instream sediments and surface water and
representative life history parameters. Models 3 and 4 include food ingestion using site-specific aguatic
plant and invertebrate tissue for the PIA only. No site-specific aquatic plant and invertebrate tissue for
the MA was avaladble Model 3 was calculated using the same parameters as Model 1 plus the
maximum concentrations for aquatic plant and invertebrate tissue. Model 4 was calculated using the
same parameters as Mode 2 plus the maximum concentrations for the aquatic plant and invertebrate
tissue. Of the four models, Model 3 is the most conservative.

6.8.1 Risk to Omnivorous Mammalsin Terrestrial Ecosystems
Mined Area

The omnivorous mammal community in the MA is at risk from abiotic exposure to As, Mn, Mo,
Se, U, and V based on Model 1 results. Cadmium, Cr, Pb, Tl, and Zn may pose a risk.

It cannot be concluded that omnivorous mammals are not at risk from abiotic exposure to Se,
U, and V based on Model 2 results (Table 39a).

Total exposure modeling for omnivorous mammals incorporated site-specific terrestrial
invertebrate and aboveground plant tissue metal concentrations. A comparison of the HQs
between Model 1 and Model 3 using the deer mouse (Table QF) indicates that risk in the MA
is primarily attributed to abiotic exposure and not to the modeled dietary components (Table
39a).

Potentially Impacted Area

The omnivorous mammal community is at risk at the Northeast and Southwest PIA from abictic
exposure to V; at the East Haul Road from exposure to As, U, and V; and at the West Haul
Road from exposure to U and V based on conservative Model 1. It cannot be concluded that
omnivorous mammals are not at risk from abiotic exposureto As, Mo, Mn, Se, and U, depending
on the AOI.

Representative Model 2 indicates possible risk from exposure to V at the Northeast and
Southwest PIA, and U and V at the East and West Haul Roads (Table 393).

Total exposure Mode 3 indicates that omnivorous mammals are at risk at the Northeast PIA
from exposure to Mn; at the Southwest PIA from Mn and U; at East Haul Road from As, Mn,
and U; and at West Haul Road from Mn and U. Arsenic, Cd, Cu, Se, Tl, U, and Zn may pose
arisk to omnivorous mammals depending on the AOI (Table 39a).
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When Modd 4 is used it cannot be concluded that omnivorous mammals are not at risk from
exposure to Cd, Mn, Se, and U, depending on the AOI (Table 39a).

6.8.2 Risk to Omnivorous Mammals in Aquatic Ecosystems
Mined Area
Omnivorous mammals are at risk from abiotic exposure to U at Pit 3, Pit 4 and the PCP based
on Model 1. It cannot be concluded that omnivorous mammals are not at risk from abiotic
exposure to V at Fit 3 and Pit 4; and U and V at the Blood Pool and the Outfall Pond (Table
40a).

Using Modd 2, it cannot be concluded that omnivorous mammals are not at risk from exposure
to U at Pit 3, Pit 4 and the PCP (Table 40a).

Total exposure of omnivorous mammals was not evaluated in the MA.

Potentially Impacted Area

Omnivorous mammals are at risk from abiotic exposure to U in the Central Drainage, and Mn
in Middle Blue Creek based on Modd 1 (Table 40b). It cannot be concluded that omnivorous
mammals are not at risk from abiotic exposure to Se and U in the Western Drainage; Se in the
Central Drainage; U and V in the Upper East Drainage; and Mn, Se, U, and V in the Lower
East Drainage.

Using Modéd 2, it cannot be concluded that omnivorous mammals are not at risk from exposure
to U in the Central Drainage (Table 40b).

Based on total exposure using Model 3, omnivorous mammals are at risk from exposure to Mn
and U in the Western, Central, and Upper Eastern Drainages, and Middle and Lower Blue
Creek. Omnivorous mammals are at risk from total exposure to Mn, Se and U in the Lower
East Drainage, and Mn in FDR Lake. It cannot be concluded that Ba, Cd, Mn, Se, and U do
not pose a risk to omnivorous mammals depending on the AOI (Table 40b).

Using Model 4, omnivorous mammals are at risk from total exposure to U in the Western and
Centra Drainages, and from Mn in Middle Blue Creek, Lower Blue Creek, and FDR Lake.
It cannot be concluded that Ba Mn, Se and U do not pose a risk to omnivorous mammals
depending on the AOI (Table 40b).

6.8.3 Risk Characterization Summary for the Omnivorous Mammal Community
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Using the deer mouse (Table QF), metals concentrations in soil and surface water drive risk
predictions. Omnivorous mammals are at risk from As, Mn, Mo, Se, U, and V in the MA, and
As, U, and V in the PIAs. Omnivorous mammals also are at risk from Mn in terrestrial
vegetation and invertebrates.

Using the raccoon (Table QG), omnivorous mammals are at risk from U in the MA, and V may
be of concern. Only soil and surface water exposure were evaluated in the MA. In the PIAS,
omnivorous mammals are at risk from sediment and surface water U in the Central Drainage,
and Mn in Middle Blue Creek. Otherwise, predicted risk to omnivorous mammals is driven by
metals in food items.

Assessment Endpoint #9: Viability and Function of the Piscivorous Mammal Community

Dietary exposures for piscivorous mammals were modeled using the mink. Four exposure scenarios
were modeled using input parameters in Table 18, for the water bodies in the MA and the
riparian/agquatic AOIs in the PIA. The AOIs in the MA include Pit 3, Pit 4, PCP, Blood Pool, and the
Outfal Pond. The AQIs in the PIA include the Western, Central, Upper Eastern and Lower Eastern
Drainages, Blue Creek, and FDR Lake. Model 1 was calculated using the maximum concentrations of
the instream sediments and the surface water and conservative life history parameters. Model 2 was
calculated using central tendency concentrations of instream sediments and surface water and
representative life history parameters. Models 3 and 4 include food ingestion using literature-based BAF
values for fish. Model 3 was calculated using the same parameters as Model 1 plus the maximum BAF
values for fish. Model 4 was calculated using the same parameters as Moddl 2 plus the maximum BAF
values for fish. Of the four models, Model 3 is the most conservative.

6.9.1 Risk to Piscivorous Mammals in Aquatic Ecosystems
Mined Area

Piscivorous mammals are at risk from abiotic exposure to U at the PCP based on Model 1. It
cannot be concluded that piscivorous mammals are not at risk from abiotic exposure to U at Pit
3, Pit 4, the Blood Pooal, and the Outfall (Table 40a).

Using Model 2, it cannot be concluded that piscivorous mammals are not at risk from U at Pit
3, Pit 4, the PCP, and the Blood Pool (Table 40a).

Total exposure Model 3 indicated that piscivorous mammals are at risk from exposure to Cd,
Ni and U at Pit 3 and the PCP; Ni and U at the Blood Pool; and U a Pit 4 and the Outfall
(Table 40a). It cannot be concluded that piscivorous mammals are not at risk from exposure
to Ni at Pit 4 and Cd at the Blood Pool.

Using Model 4, piscivorous mammals are at risk from total exposure to U at Pit 3, Pit 4, the
PCP, and the Blood Poal. It cannot be concluded that piscivorous mammals are not at risk from
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6.9.2

total exposure to Cd and Ni at Pit 3 and the PCP; and from exposure to U at the Outfal (Table
40a).

Potentially Impacted Area

Piscivorous mammals are at risk from abiotic exposure to U in the Central Drainage based on
Model 1 (Table 40b). It cannot be concluded that piscivorous mammals are not at risk from
abiotic exposure to Mn in Middle Blue Creek.

Using Model 2 exposure parameters, it cannot be concluded that piscivorous mammals are not
at risk from exposure to U in the Central Drainage (Table 40b).

Model 3 indicated that piscivorous mammals are at risk from exposure to Cd, Ni and U in the
Centra Drainage, and from U in the Upper East Drainage. It cannot be concluded that
piscivorous mammals are not at risk from exposure to Cd and U in the Western Drainage; Cd
in the Upper East Drainage; and U in the Lower East Drainage and Upper, Middle and Lower
Blue Creek (Table 40b).

Using Model 4, piscivorous mammals are at risk from total exposure to U in the Central
Drainage. It cannot be concluded that piscivorous mammals are not at risk from exposure to
U in the Western , Upper East, and Lower East Drainages; and Cd the Central Drainage (Table
40b).

Risk Characterization Summary for the Piscivorous Mammal Community

Uranium in soil and surface water drives risk predictions for piscivorous mammals in the MA
and the Central Drainage (Table QH). Predicted concentrations of U in fish increase the
predicted risk to piscivorous mammals in these areas. Piscivorous mammals are at risk from
predicted concentrations of Cd and Ni in fish in the MA and the Central Drainage. Exposure
to predicted concentrations of U in fish in the Western Drainage, the Upper and Lower Eastern
Drainage, and Upper, Middle and Lower Blue Creek; and Cd in fish in the Western Drainage
may also be of concern for piscivorous mammals (Table QH).

Assessment Endpoint #10: Viability and Function of the Sail Invertebrate Feeding Mamma Community

Dietary exposure concentrations for soil invertebrate feeding mammals were modeled using the masked
shrew. Four exposure scenarios were modeled using input parameters in Table 18. Each exposure
scenario was calculated for the MA and four AOIs in the PIA including the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil ingestion was collocated

with water ingestion from Pit 3 and from the PCP. For the Northeastern PIA, Southwestern PIA, East

Haul Road, and West Haul Road, water ingestion was collocated with the Upper Eastern, Central,
Upper Eastern, and the Western Drainages, respectively. Mode 1 was calculated using maximum
concentrations of soil and surface water and conservative life history parameters. Model 2 was
calculated using central tendency concentrations of soil and surface water and representative life history
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parameters. Models 3 and 4 include food ingestion using literature-based BAF values for earthworms.
Model 3 was calculated using the same parameters as Model 1 plus the maximum BAF value. Model
4 was calculated using the same parameters as Model 2 plus the maximum BAF value. Of the four
models, Model 3 is the most conservative.

6.10.1 Risk to Sail Invertebrate Feeding Mammals in Terrestrial Ecosystems
Mined Area

Soil invertebrate feeding mammals in the MA are at risk from abiotic exposure to As, Mn, Mo,
Se, U, and V based on Model 1. Cadmium, Cr, Pb, Tl and Zn may pose arisk in the MA.

Soil invertebrate feeding mammals are at risk from abiotic exposure to U based on Model 2
(Table 39A). Soail invertebrate feeding mammals may be at risk from abiotic exposure to Mo,
Se, and V based on Model 2 resullts.

Based on total exposure Model 3, soil invertebrate feeding mammals in the MA are at risk from
exposure to every COPC except Co. It cannot be concluded that soil invertebrate feeding
mammals are not at risk from exposure to Co.

Using Model 4, soil invertebrate feeding mammals are at risk from exposure to As, Cd, Cr, Cu,
Pb, Mo, Ni, Se, U, V, and Zn. It cannot be concluded that soil invertebrate feeding mammals
are not at risk from total exposure to Mn and Tl in the MA.

Potentially Impacted Area

Soil invertebrate feeding mammals utilizing the PIAs are at risk from abiotic exposure to V in
the Northeast and Southwest PIAS; As, U, and V in the East Haul Road PIA; and U and V in
the West Haul Road PIA based on Model 1. It cannot be concluded that soil invertebrate
feeding mammals are not at risk from abiotic exposure to As, Mo, Mn, Se, and U, depending
on the AOI.

It cannot be concluded that soil invertebrate feeding mammals are not at risk from abiotic
exposure to V in the Northeast and Southwest PIAs and U and V in the East and West Haul
Road PIAs based on Model 2 (Table 39A).

Model 3 indicated that soil invertebrate feeding mammals are at risk from exposure to every
COPC except Co depending on the PIA. It cannot be concluded that soil invertebrate feeding
mammals are not at risk from total exposure to Co, Tl, and U depending on the PIA.

Using Modd 4, soil invertebrate feeding mammals are at risk from exposure to As, Cd, Cr, Cu,
Pb, Mo, Ni, Se, U, V, and Zn, depending on the PIA. It cannot be concluded that soil
invertebrate feeding mammals are not at risk from total exposure to As, Mn, Mo, Tl, U, and V
depending on the PIA.
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6.10.2 Risk Characterization Summary for the Sail Invertebrate Feeding Mammal Community

Food chain models indicate risk to soil invertebrate feeding mammals particularly in the MA
(Table QI). In the MA, soil and surface water metal concentrations contribute significantly to
the predicted risk to soil invertebrate feeding mammals. In both the MA and the PIAS, inclusion
of predicted metal concentrations in earthworms drives risk predictions (Table QI).

Assessment Endpoint #11: Viability and Function of the Insectivorous Avian Community

Dietary exposure concentrations for the insectivorous avian community were modeled using the cliff
swallow. Four exposure scenarios were modeled using the input parameters in Table 19. Each
exposure scenario was calculated for the MA and four AOIs in the PIA (the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road). For the MA, soil ingestion was collocated
with water ingestion from Pit 3 and the PCP. For the Northeastern PIA, Southwestern PIA, East Haul
Road, and West Haul Road, water ingestion was collocated with the Upper Eastern, Central, Upper
Eastern, and the Western Drainages, respectively. Model 1 was calculated using maximum
concentrations of soil and surface water and conservative life history parameters. Model 2 was
calculated using central tendency concentrations of soil and surface water and representative life history
parameters. Models 3 and 4 include food ingestion using site-specific invertebrate tissue. Model 3 was
calculated using the same parameters as Model 1 plus the maximum site-specific invertebrate tissue.
Model 4 was calculated using the same parameters as Modd 2 plus the maximum dSte-specific
invertebrate tissue. Of the four models, Model 3 is the most conservative.

6.11.1 Risk to Insectivorous Birds in Terrestrial Ecosystems
Mined Area

Insectivorous birds are not at risk from abiotic exposure to COPCs in the MA using either
Model 1 or Model 2 exposure parameters (Table 39b).

Total exposure Model 3 indicated insectivorous birds are at risk from exposure to Cu.
Insectivorous birds may be at risk from total exposure to Cd, Cr, Pb, Se and Zn.

Using Model 4, insectivorous birds are at risk from exposure to Cu. It cannot be concluded that
insectivorous birds are not at risk from exposure to Cd, Cr, Pb and Zn.

Potentially Impacted Area

Insectivorous birds are not at risk from abiotic exposure to COPCs in any PIA using either
Model 1 or Model 2 exposure parameters (Table 39b).

Based on total exposure Modd 3, insectivorous birds are at risk from Cu. Insectivorous birds
may be at risk from total exposure to Cd, Cr, Pb, and Zn in al four PIAS.
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Using Modd 4, insectivorous birds are at risk from Cu. It cannot be concluded that
insectivorous birds are not at risk from exposure to Cd, Cr, Pb, and Zn, depending on the PIA.

6.11.2 Risk Characterization Summary for the Insectivorous Avian Community

Modes 1 and 2 indicated that soil and surface water are not posing risk to insectivorous birds
in the MA or PIA (Table QJ). Hazard quotient calculations for total exposure from Models 3
and 4 indicate insectivorous birds are at risk from Cu in invertebrates at dl MA and PIA areas.
Cadmium, Cr, Pb, and Zn in invertebrate prey species may aso be of concern (Table QJ).

Assessment Endpoint #12: Viability and Function of the Omnivorous Avian Community

Dietary exposure concentrations for the omnivorous avian community were modeled using the song
sparrow and the mallard. Exposure scenarios were modeled using the life history input parameters in
Table 19. Exposure scenarios for the song sparrow were calculated for the MA, the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil ingestion was collocated
with water ingestion from Fit 3 and the PCP. For the Northeastern PIA, Southwestern PIA, East Haul
Road, and West Haul Road, water ingestion was collocated with the Upper Eastern, Central, Upper
Eastern, and the Western Drainages, respectively. Model 1 was calculated using maximum
concentrations of soil and surface water and conservative life history parameters. Model 2 was
calculated using central tendency concentrations of soil and surface water and representative life history
parameters. Models 3 and 4 include food ingestion using site-specific terrestrial plant and invertebrate
tissue. Model 3 was calculated using the same parameters as Model 1 plus the maximum concentrations
for both aboveground plant tissue and invertebrate tissue. Model 4 for the song sparrow was cal culated
using the same parameters as Model 2 plus the maximum concentration for both the aboveground plant
tissue and invertebrate tissue. Of the four models, Model 3 is the most conservative.

Four exposure scenarios were calculated for the mallard utilizing the water bodies in the MA (Pit 3, Pit
4, PCP, Blood Pool, and Outfall Pond) and the aquatic AOIls in the PIA (Western, Central, Upper
Eastern, and Lower Eastern Drainages, Blue Creek, and FDR Lake). Model 1 was calculated using
the maximum metal concentrations in instream sediments and the surface water, and conservative life
history parameters. Model 2 was calculated using central tendency metal concentrations in instream
sediments and surface water, and representative life history parameters. Models 3 and 4 include food
ingestion using site-specific aquatic plant and invertebrate tissue for the PIA only. No site-specific
aguatic plant and invertebrate tissue for the MA was avallable. Modéd 3 was calculated using the same
parameters as Model 1 plus incorporated the maximum concentrations for the aquatic plant and
invertebrate tissue. Model 4 was calculated using the same parameters as Model 2 plus incorporated
the maximum concentrations for the aquatic plant and invertebrate tissue. Of the four models, Model
3 isthe most conservative.

6.12.1 Risk to Omnivorous Birds in Terrestrial Ecosystems

Mined Area
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Omnivorous birds are at risk from abiotic exposure to Se using Model 1 (Table 39b). It cannot
be concluded that omnivorous birds are not at risk from abiotic exposure to Cr.

There was no predicted risk to omnivorous birds from abiotic exposure using representative
Model 2 (Table 39b).

Based on Modd 3, omnivorous birds are at risk from Se (Table 39b). It cannot be concluded
that omnivorous birds are not at risk from total exposure to Cr, Pb, and Zn.

Using Mode 4, it cannot be concluded that omnivorous birds are not at risk from total exposure
to Zn (Table 39b).

Potentially Impacted Area

Omnivorous hirds are not at risk from abiotic exposure to COPCs in any PIA using either Model
1 or Modd 2 (Table 39b).

It cannot be concluded that omnivorous birds are not at risk from total exposure to Znin al four
PlIAs, using either Model 3 or Modd 4.

6.12.2 Risk to Omnivorous Birds in Aquatic Ecosystems
Mined Area
Omnivorous birds are at risk from abiotic exposure to Cu at the PCP based on Model 1. It
cannot be concluded that omnivorous birds are not at risk from abiotic exposure to Zn at Fit 3;
Cd, Ni, U and Zn at the PCP; As at the Blood Pool; and As and Zn at the Outfall Pond (Table
40a).
Using Model 2, no risk to omnivorous birds is predicted (Table 40a).

Total exposure of omnivorous birds was not evaluated in the MA.

Potentially Impacted Area

Omnivorous hirds are at risk from abiotic exposure to Se in the Lower Eastern Drainage based
on Model 1 (Table 40B). It cannot be concluded that omnivorous birds are not at risk from
abiotic exposure to Se, U, and Zn in the Central Drainage; Mn and Zn in the Lower Eastern
Drainage; As, Mn, and Zn in Middle Blue Creek; and Zn in FDR Lake.

Using Model 2, no risk to omnivorous birds is predicted (Table 40b).
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Based on total exposure Model 3, omnivorous birds are at risk from exposure to Se in the Lower
East Drainage. It cannot be concluded that omnivorous birds are not at risk from As, Cd, Mn,
Se, U, and Zn, depending on the PIA (Table 40b).

Using Model 4, it cannot be concluded that omnivorous birds are not at risk from total exposure
to Mn and Zn in Middle and Lower Blue Creek, and FDR Lake (Table 40b).

6.12.3 Risk Characterization Summary for the Omnivorous Avian Community

Conservative exposure models which include only site-specific metal concentrations in soil and
surface water indicate risk to omnivorous birds from Cu and Se in the MA, and from Se in the
Lower Eastern Drainage (Table QK and QL). Maximum concentrations of As, Cr, and Zn in
soil, surface water, and sediment may be of concern in the MA; and As, Mn, Se, U, and Zn may
be of concern in the PIAs. Model 2 does not indicate risk to omnivorous birds.

Model 3 HQs indicate that omnivorous birds are at risk from exposure to Se in the MA, from
Cd and Mn in Middle Blue Creek, and from Sein the Lower Eastern Drainage. Chromium, Pb,
and Zn may be of concern in the MA; and As, Cd, Mn, Ni, Se, U and Zn may be of concern
in the PIAs (Table QK and QL).

Model 4 indicated that Zn may be of concern at dl of the MA and PIA areas, and Mn may be
of concern in Middle Blue Creek (Table QK and QL).

Assessment Endpoint #13: Viahility and Function of the Sail Invertebrate Feeding Avian Community

Dietary exposure concentrations for the soil invertebrate feeding avian community were modeled using
the American robin and the Wilson's snipe. Exposure scenarios were modeled using input parameters
in Table 19.

Each exposure scenario for the American robin was calculated for the MA and four AOIs in the PIA
including the Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road. For the MA,
s0il ingestion was collocated with water ingestion from Pit 3 and the PCP. For the Northeastern PIA,
Southwestern PIA, East Haul Road, and West Haul Road, water ingestion was collocated with the
Upper Eastern, Central, Upper Eastern, and the Western Drainages, respectively. Model 1 was
caculated using maximum concentrations of soil and surface water and conservative life history
parameters. Model 2 was calculated using central tendency concentrations of soil and surface water
and representative life history parameters. Models 3 and 4 include food ingestion using literature-based
BAF values for earthworms. Model 3 was calculated using the same parameters as Model 1 plus the
maximum BAF value. Model 4 was calculated using the same parameters as Model 2 plus the
maximum BAF value. Of the four models, Model 3 is the most conservative.

Exposure scenarios for the Wilson's snipe were caculated for the water bodies in the MA and the
aguatic AOIs in the PIA. The AOIsin the MA include Pit 3, Rit 4, PCP, Blood Pool, and Outfal Pond.
The AOIs in the PIA include the Western, Central, Upper Eastern, and Lower Eastern Drainages, Blue
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Creek, and FDR Lake. Model 1 was calculated using the maximum concentrations of the instream

sediments and riparian sediments separately aong with the collocated surface water maximum

concentrations and conservative life history parameters. Model 2 was calculated using central tendency
concentrations of instream sediments and riparian sediments separately along with the collocated surface
water central tendency concentrations and representative life history parameters. Models 3 and 4
include food ingestion using site-specific aquatic plant and invertebrate tissue for the PIA only. No site-

specific aguatic plant and invertebrate tissue for the MA was available. Model 3 was calculated using

the same parameters as Model 1 plus the maximum concentrations for the aquatic plant and invertebrate
tissue. Model 4 was calculated using the same parameters as Model 2 plus the maximum concentrations

for the aquatic plant and invertebrate tissue. Of the four models, Model 3 is the most conservative.

6.13.1 Risk to Sail Invertebrate Feeding Birds in Terrestrial Ecosystems
Mined Area
Soil invertebrate feeding birds are at risk from abiotic exposure to Se using Model 1 (Table 39b).

There was no predicted risk to soil invertebrate feeding birds from abiotic exposure using
representative Model 2.

Based on total exposure Model 3, soil invertebrate feeding birds are at risk from As, Cd, Cr, Cu,
Pb, Se, and Zn. It cannot be concluded that soil invertebrate feeding birds are not at risk from

total exposure to Mo and TI.

Using Model 4, sail invertebrate feeding birds are at risk from Cd, Cr, Pb, and Se; it cannot be
concluded they are not at risk from total exposure to Zn.

Potentially Impacted Area

Soil invertebrate feeding birds are not at risk from abiotic exposure to COPCs in any PIA using
either Model 1 or Model 2 (Table 39b).

Based on total exposure Model 3, soil invertebrate feeding birds are at risk from Cd, Cr, Cu, Pb,
Se, and Zn, depending on the PIA (Table 39b). Soail invertebrate feeding birds may be at risk
from total exposure to Asin the Northeast PIA and the East Haul Road.

Using Model 4, soil invertebrate feeding birds are at risk from Cd, Cr, Pb, and Zn, depending
on the PIA (Table 39b). It cannot be concluded that soil invertebrate feeding birds are not at
risk from total exposure to Zn in the Northeast and East Haul Road, and from total exposure
to Cd and Zn in the Southwest PIA.

6.13.2 Risk to Sail Invertebrate Feeding Birds in Aquatic Ecosystems

Mined Area

0081-DFR-093005 128



Soil invertebrate feeding birds are at risk from abiotic exposure to Cu and Ni at the PCP based
on Model 1. It cannot be concluded that soil invertebrate feeding birds are not at risk from
abiotic exposure to As and Zn at Pit 3; Cd, U, and Zn at the PCP; and As at the Blood Pool and
the Outfall (Table 40a).

Using Modd 2, it cannot be concluded that soil invertebrate feeding birds are not at risk from
Zn at Pit 3 and the PCP (Table 40a).

Total exposure of soil invertebrate feeding birds was not evaluated in the MA.

Potentially Impacted Area

Soil invertebrate feeding birds are at risk from abiotic exposure to Se in the Lower East
Drainage based on Mode 1 (Table 40b). It cannot be concluded that soil invertebrate feeding
birds are not at risk from abiotic exposure to As, Cd, Mn, Se, U, and Zn, depending on the PIA.

Using Model 2, it cannot be concluded that soil invertebrate feeding birds are not at risk from
Zn in the Central Drainage and Se and Zn in the Lower East Drainage (Table 40b).

Total exposure of soil invertebrate feeding birds was not evaluated in the PIAS.

6.13.3 Risk to Sail Invertebrate Feeding Birds in Riparian Ecosystems

It cannot be concluded that soil invertebrate feeding birds are not at risk from abiotic exposure
to U and Zn in the Central Drainage riparian area; Cd, Mn and Zn in the Lower East Drainage
riparian area; and Zn in the Middle Blue Creek riparian area based on Model 1 (Table 41).

Using Model 2, it cannot be concluded that soil invertebrate feeding birds are not at risk from
Zn in the Central and Lower East Drainage riparian areas (Table 41).

Based on total exposure Moddl 3, soil invertebrate feeding birds are at risk from Se in the Upper
East Drainage riparian area, and from exposure to Cd and Se in the Lower East Drainage
riparian area. It cannot be concluded that soil invertebrate feeding birds are not at risk from Cd,
Mn, Se, U, and Zn, depending on the riparian area (Table 41).

Using Model 4, sail invertebrate feeding birds are at risk from Se in the Upper and Lower East
Drainage riparian areas (Table 41). It cannot be concluded that soil invertebrate feeding birds
are not at risk from Zn in the Western and Central Drainage riparian areas; Cd and Zn in the
Upper East Drainage riparian area; Cd, Mn and Zn in the Lower East Drainage riparian areg;
and Mn and Zn in the Middle and Lower Blue Creek riparian aress.

6.13.4 Risk Characterization Summary for the Soil Invertebrate Feeding Avian Community
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Model 1 indicated soil invertebrate feeding birds are at risk from exposure to Cu, Ni, and Se in
the MA; and Se in the Lower Eastern Drainage (Tables QM and QN1). Arsenic, Cd, U, and
Zn may be of concern in the MA; and As, Cd, Mn, Se, U and Zn may be of concern in the
PlAs (Tables QM, QN1, and QN2).

Model 2 indicated Zn may be of concern in the MA and the PIAs.

Models 3 and 4 indicated that soil invertebrate feeding birds are at risk from measured (snipe)
or predicted (robin) concentrations of metas in invertebrates, as wel as from metal
concentrations in soil, sediment, and surface water. Model 3 indicates soil invertebrate feeding
birds are at risk from measured concentrations of Se and Cd in the riparian areas. Soil
invertebrate feeding birds are at risk from predicted concentrations of As, Cd, Cr, Cu, Pb, Se
and Zn in the MA, and from predicted concentrations of Cd, Cr, Cu, Pb, Se and Zn in the PIAs
and riparian areas. Predicted concentrations of Mo and Tl may be of concern in the MA, and
As may be of concern in the PIAs. Measured concentrations of Cd, Mn, Se, U and Zn may
be of concern to soil invertebrate feeding birds in the riparian areas (Tables QM, QN1 and

QN2).

Modd 4 indicates soil invertebrate feeding birds are at risk from measured concentrations of
Se in the riparian areas, from predicted concentrations of Cd, Cr, Pb, and Se in the MA, and
from exposure to predicted concentrations of Cd, Cr, Pb, and Zn in the PIAs. Predicted
concentrations of Zn may be of concern in the MA and Cd and Zn in the PIAs. Measured
concentrations of Cd, Mn, and Zn may be of concern to soil invertebrate feeding birds in the
riparian areas (Tables QM and QN2).

Assessment Endpoint #14: Viability and Function of the Carnivorous Avian Community

Dietary exposure concentrations for the carnivorous avian community were modeled using the great
horned owl and the American kestrel. Four exposure scenarios were modeled using input parameters
in Table 19.

Each exposure scenario was calculated for the MA and four AOIs in the PIA including the
Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil ingestion
was collocated with water ingestion from Fit 3 and the PCP. For the Northeastern PIA, Southwestern
PIA, East Haul Road, and West Haul Road, water ingestion was collocated with the Upper Eastern,
Central, Upper Eastern, and the Western Drainages, respectively. Model 1 was calculated using
maximum concentrations of soil and surface water and conservative life history parameters. Model 2
was cdculated using central tendency concentrations of soil and surface water and representative life
history parameters. Models 3 and 4 include food ingestion using literature-based BAF values for small
mammals. Model 3 was calculated using the same parameters as Model 1 plus the maximum BAF
value. Model 4 was calculated using the same parameters as Model 2 plus the maximum BAF value.
Of the four models, Model 3 is the most conservative.
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6.14.1

6.14.2

Risk to Carnivorous Birds in Terrestrial Ecosystems
Mined Area

Based on using conservative Model 1, carnivorous birds are at risk from abiotic exposure to Se.
It cannot be concluded that carnivorous birds are not at risk to As, Cr, Pb, and Zn (Table 39b).

No risk to carnivorous birds from abiotic exposure is predicted when representative Model 2 is
used (Table 39b).

Based on total exposure Model 3, carnivorous birds are at risk from exposure to Cd, Cr, Pb, Se,
and Zn (Table 39b). It cannot be concluded that carnivorous birds are not at risk to As.

Using Model 4, it cannot be concluded that carnivorous birds are not at risk from total exposure
to Cd, Pb, Se, and Zn (Table 39b).

Potentially Impacted Area

Carnivorous hirds are not at risk from abiotic exposure to COPCs in any PIA using either Model
1 or Modd 2 (Table 39b).

Based on total exposure Model 3, carnivorous birds are at risk from Cd in the Northeast, and
East and West Haul Road PIAs (Table 39b). It cannot be concluded that carnivorous birds are
not at risk from total exposure to Cd, Cr, Pb, and Zn, depending on the PIA.

Based on Modé 4, it cannot be concluded carnivorous birds are not at risk from total exposure
to Cd, Cr, and Znin all four PIAs (Table 39b).

Risk Characterization Summary for the Carnivorous Avian Community

Models calculated using only site-specific metal concentrations in soil and surface water indicate
risk to carnivorous birds from Se in the MA (Tables QO and QP). Exposure models cal cul ated
using predicted concentrations of metals in small mammal prey species cannot conclude
carnivorous birds are not at risk from exposure to Cd, Cr, Pb, Se, and Zn in the MA. Cadmium,
Cr, Pb and Zn may be of concern in the PIAs (Tables QO and QP).

Assessment Endpoint #15: Viability and Function of the Piscivorous Avian Community

Dietary exposure concentrations for the piscivorous avian community were modeled using the great blue
heron and the bad eagle. Three exposure scenarios were modeled using input parameters in Table 19.

Exposure scenarios were calculated for the water bodies in the MA and the riparian/aguatic AQOls in
the PIA. The AOIs in the MA include Pit 3, Pit 4, PCP, Blood Pool, and the Outfall Pond. The AOIs
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in the PIA include the Western, Central, Upper Eastern, and Lower Eastern Drainages, Blue Creek, and
FDR Lake. Model 1 was calculated using the maximum concentrations of the instream sediments and
the surface water and conservative life history parameters. Models 3 and 4 include food ingestion using
literature-based BAF values for fish. Model 3 was calculated using the same parameters as Model 1
plus the maximum BAF values for fish. Model 4 was calculated using the same parameters as Model
2 plus the maximum BAF values for fish. Of the three models, Model 3 is the most conservative.

6.15.1 Risk to Piscivorous Birds in Aquatic Ecosystems
Mined Area

No risk to piscivorous birds is predicted when Model 1is used (Table 40a). Model 2 was not
run.

Based on total exposure Maodel 3, it cannot be concluded that piscivorous birds are not at risk
from exposure to U at Pit 3 and the PCP.

No risk to piscivorous birds is predicted when Model 4 is used (Table 40a).

Potentially Impacted Area

No risk to piscivorous birds is predicted at any PIA using any exposure scenario (Table 40b).
6.15.2 Risk Characterization Summary for the Piscivorous Avian Community

Hazard quotients calculated using only site-specific metals concentrations in sediment and
surface water (Models 1 and 2) do not indicate risk to piscivorous birds utilizing the MA or the
PIAs (Tables QQ and QR). The exposure models calculated using predicted COC
concentrations in fish indicate piscivorous birds may be at risk from exposure to U in the
MA.(Tables QQ and QR).

Assessment Endpoint #16: Viability and Function of the Herbivorous Avian Community

Dietary exposure concentrations for the herbivorous avian community were modeled using the Spruce
grouse and the song sparrow. Four exposure scenarios were modeled using input parameters in Table
19.

Each exposure scenario was calculated for the MA and four AOIs in the PIA including the
Northeastern PIA, Southwestern PIA, East Haul Road, and West Haul Road. For the MA, soil ingestion
was collocated with water ingestion from Fit 3 and the PCP. For the Northeastern PIA, Southwestern
PIA, East Haul Road, and West Haul Road, water ingestion was collocated with the Upper Eastern,
Central, Upper Eastern, and the Western Drainages, respectively. Model 1 was calculated using
maximum concentrations of soil and surface water and conservative life history parameters. Model 2
was calculated using central tendency concentrations of soil and surface water and representative life

0081-DFR-093005 132



6.17

history parameters. Models 3 and 4 include food ingestion using site-specific terrestria plant tissue.
Model 3 was calculated using the same parameters as Model 1 plus the maximum concentration for the
aboveground plant tissue. Model 4 was calculated using the same parameters as Model 2 plus the
maximum concentration for the aboveground plant tissue. Of the four models, Model 3 is the most
conservative.

6.16.1

6.16.2

Risk to Herbivorous Birds in Terrestrial Ecosystems

Mined Area

Herbivorous birds are at risk from abiotic exposure to Se; it cannot be concluded they are not
at risk from abiotic exposure to Cr, using Model 1 (Table 39b).

No risk to herbivorous birds from abiotic exposure is predicted using Model 2 (Table 39b).

Based on total exposure Model 3, herbivorous birds are at risk from Se (Table 39b). It cannot
be concluded herbivorous birds are not at risk from total exposure to Cr and Zn.

No risk to herbivorous birds is predicted when Model 4 is used (Table 39b).

Potentially Impacted Area

Herbivorous birds are not at risk from abiotic exposure to COPCs in any PIA using either
Model 1 or Model 2 (Table 39b).

Based on total exposure Maodel 3, it cannot be concluded that herbivorous birds are not at risk
from exposure to Zn in all four PIAs (Table 39b).

No risk to herbivorous birds is predicted when Model 4 is used (Table 39b).

Risk Characterization Summary for the Herbivorous Avian Community

Exposure models calculated using spruce grouse indicated that herbivorous birds are not at risk
from exposure to site-related contaminants. Using the song sparrow and conservative exposure
parameters, herbivorous birds are at risk from exposure to Se in the MA (Table QT). Models
which incorporate site-specific metal concentrations in terrestrial vegetation indicate Cr, Pb, and
Zn may pose arisk to herbivorous birds in the MA, and Zn may pose a risk in the PIAs (Tables
QS and QT).

Assessment Endpoint #17: Viability and Function of the Amphibian Community
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Measured concentrations of metals in surface water and sediment were compared to the amphibian
TRVs (Table 17a). Only COPCs for which TRVs are available are included on the tables and in the
discussion below. If a TRV was not available, no conclusions regarding risk were made.

6.17.1 Surface Water Exposure

Table 30 and the following discussion summarize the calculated risk for amphibians exposed to
surface water at At 3, At 4, Central Drainage, Upper and Lower East Drainage, and Upper,
Middle and Lower Blue Creek.

0081-DFR-093005

Pit 3: Both the NOAEL and LOAEL -based HQs exceeded 1.0 for Al, Cd, Cu, and Zn
(Table 30). Amphibians are at risk from these COPCs.

Pt 4. Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Cu and Zn (Table
30). Amphibians are at risk from exposure to Cu and Zn. The NOAEL-based HQ
exceeded 1.0 for Al, but the LOAEL-based HQ was less than 1.0. It cannot be
concluded there is no risk to amphibians from Al at this location.

Central Drainage: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Cd, Cu,
and Zn (Table 30). Amphibians are at risk from exposure to Cd, Cu, and Zn. The
NOAEL-based HQ exceeded 1.0 for Al, but the LOAEL-based HQ was less than 1.0.
It cannot be concluded there is no risk to amphibians from Al.

Upper Eastern Drainage: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for
Cu and Zn (Table 30). Amphibians are at risk from exposure to Cu and Zn. The
NOAEL-based HQ exceeded 1.0 for Al and Cd, but the LOAEL-based HQ was less
than 1.0. It cannot be concluded there is no risk to amphibians from Al or Cd.

Lower Eastern Drainage: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for
Cu and Zn (Table 30). Amphibians are at risk from exposure to Cu and Zn. The
NOAEL -based HQ exceeded 1.0 for Al and Cd, but the LOAEL-based HQ was less
than 1.0. It cannot be concluded there is no risk to amphibians from Al or Cd.

Upper Blue Creek: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Al,
Cu and Zn (Table 30). Amphibians are at risk from exposure to Al, Cu and Zn. The
NOAEL-based HQ exceeded 1.0 for Cd, but the LOAEL-based HQ was less than 1.0.
It cannot be concluded there is no risk to amphibians from Cd.

Middle Blue Creek: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Al,
Cu, and Zn (Table 30). Amphibians are at risk from exposure to Al, Cu and Zn. The
NOAEL-based HQ exceeded 1.0 for Cd, but the LOAEL-based HQ was less than 1.0.
It cannot be concluded there is no risk to amphibians from Cd.
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Lower Blue Creek: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Al,
Cu and Zn (Table 30). Amphibians are at risk from exposure to Al, Cu and Zn. The
NOAEL -based HQ exceeded 1.0 for Cd, but the LOAEL-based HQs were less than
1.0. It cannot be concluded there is no risk to amphibians from Cd.

6.17.2 Sediment Exposure

Table 31 and the following discussion summarize the calculated risk for amphibians exposed to
sediments at At 3, At 4, Central Drainage, Upper and Lower Eastern Drainage, and Upper,
Middle and Lower Blue Creek.
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At 3: NOAEL-based HQs exceeded 1.0 for Cd and Zn, but the LOAEL-based HQs
were less than 1.0. It cannot be concluded that there is no risk to amphibians from Cd
or Zn (Table 31).

Pit 4: None of the calculated HQs exceeded 1.0 for Cd or Zn. Amphibians are not at
risk (Table 31).

Central Drainage: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Cd
(Table 31). Amphibians are at risk from exposure to Cd. The NOAEL-based HQ
exceeded 1.0 for Zn, but the LOAEL-based HQ was less than 1.0. It cannot be
concluded there is no risk to amphibians from Zn.

Upper Eastern Drainage: The NOAEL-based HQ exceeded 1.0 for Cd, but the
LOAEL-based HQ was less than 1.0 (Table 31). It cannot be concluded there is no
risk to amphibians from Cd.

Lower Eastern Drainage: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for
Cd (Table 31). Amphibians are at risk from exposure to Cd. The NOAEL-based HQ
exceeded 1.0 for Zn, but the LOAEL-based HQ was less than 1.0. It cannot be
concluded that there is no risk to amphibians from Zn.

Upper Blue Creek: The NOAEL-based HQ exceeded 1.0 for Cd, but the LOAEL-
based HQ was less than 1.0 (Table 31). It cannot be concluded that there is no risk to
amphibians from Cd.

Middle Blue Creek: Both the NOAEL and LOAEL-based HQs exceeded 1.0 for Cd
(Table 31). Amphibians are at risk from Cd. The NOAEL-based HQ exceeded 1.0
for Zn, but the LOAEL -based HQ was less than 1.0. It cannot be concluded that there
is no risk to amphibians from Zn.

Lower Blue Creek: The NOAEL-based HQ exceeded 1.0 for Cd, but the LOAEL-
based HQ was less than 1.0. It cannot be concluded there is no risk to amphibians
from Cd.
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6.17.3

6.17.4

Dietary Exposure

Food chain exposure models were not run for amphibians, due to the lack of quantitative
information on exposure routes (food, surface water, and soil ingestion rates) and lack of
acceptable studies from which to derive TRV s for ingestion.

Risk Characterization Summary for the Amphibian Community

Copper and Zn in surface water posed a risk to amphibians at al of the AOIls (Table 30). It
could not be concluded that there was no risk from Al and Cd at dl of the AOI in the MA and
PIA. Chromium and Pb did not pose arisk to amphibians at any of the AQlIs.

Exposure to Cd in sediment posed a risk at Central and Lower Eastern Drainages and Middle
Blue Creek. It cannot be concluded that there was no risk from Cd and Zn in sediments at Pit
3, from Zn at Central and Lower Eastern Drainages and Middle Blue Creek and from Cd at
Upper Eastern Drainage and Upper and Lower Blue Creek (Table 31).

Risk to amphibians from Sh, As, Ba Be, Co, Mn, Mo, Se, Ag, Tl, U, and V could not be
evaluated due to lack of appropriate TRVs.

Assessment Endpoint #18: Viability and Function of the Wetland Plant Community

Measures of effects to wetland plants were evaluated by comparing the concentrations of metals in
sediment to the BM vaues for terrestrial vascular plants presented in Table 3. Benchmark values were
used because only a limited number of studies were found to evaluate the adverse effects of exposure
to metals to wetland plants.

Risk was calculated for wetland plants exposed to sediment at two AQIs in the MA (Pit 3 and Pit 4)
and a six AOIs in the PIA (Central Drainage, Upper Eastern Drainage, Lower Eastern Drainage,
Upper Blue Creek, Middle Blue Creek, and Lower Blue Creek) (Tables 32 and 33). If the concentration
of a COPC exceeded the BM (Table 3), wetland plants were considered to be at risk.

Pit 3: HQs exceeded or were equal to 1.0 for As, Ba, Cr, Co, Cu, Mn, Ni, U, V, and Zn.
Pit 4: HQs exceeded 1.0 for As, Cr, Co, Mn, Ni, Tl, U, V, and Zn.

Central Drainage; HQs exceeded 1.0 for As, Cr, Co, Mn, Ni, Se, U, V, and Zn.

Upper East Drainage: HQs exceeded 1.0 for As, Cr, Co, Mn, Ni, U, V, and Zn.

Lower East Drainage; HQs exceeded 1.0 for As, Cd, Cr, Co, Mn, Ni, Se, U, V, and Zn.

Upper Blue Creek: HQs exceeded 1.0 for Cr, Mn, Ni, Se, U, and V.
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Middle Blue Creek: HQs exceeded 1.0 for As, Ba, Cd, Cr, Co, Mn, Ni, Se, U, V, and Zn.

Lower Blue Creek: HQs exceeded 1.0 for As, Cr, Mn, Ni, U, V, and Zn.

6.18.1 Risk Characterization Summary for the Wetland Plant Community

Chromium, Mn, Ni, U, and V exceeded plant BM values at all of the AOls (Tables 32 and 33).
Arsenic, Ba, Cd, Co, Se, and Zn exceeded plant BM vaues at some locations. Two COPCs
exceeded the BM values at only one location: Cu, in Pit 3; and Tl, in Pit 4.

6.19  Assessment Endpoint #19: Viability and Function of the Wetland Invertebrate Community

Measures of effects to wetland invertebrates were evaluated by comparing the concentrations of metals
in sediment to the sediment BM values that were selected for the SLERA (see Section 2.3.2.1.2 and
Table 2). Risk was calculated for wetland invertebrates exposed to sediment at two AQIs in the MA
(Pit 3 and Fit 4) and at six AOIs in the PIA (Central, Upper Eastern, and Lower Eastern Drainages,
Upper Blue Creek, Middle Blue Creek, and Lower Blue Creek (Tables 34 and 35). If the concentration
of a COPC exceeded the sediment BM, wetland invertebrates were considered to be at risk.

Pit 3: HQs exceeded 1.0 for Sh, As, Ba, Be, Co, Cu, Mn, Ni, Se, U, and Zn.

Pit 4: HQs exceeded 1.0 for Sh, As, Be, Co, Mn, Ni, Se, and U.

Central Drainage; HQs exceeded 1.0 for Sh, As, Be, Cd, Co, Mn, Ni, Se, U, and Zn.

Upper Eastern Drainage: HQs exceeded 1.0 for Sb, As, Be, Co, Mn, Ni, Se, Ag, and U.

Lower Eastern Drainage: HQs exceeded 1.0 for Sh, As, Be, Cd, Co, Mn, Ni, Se, U, and Zn.

Upper Blue Creek: HQs exceeded 1.0 for Sh, Cd, Mn, Ni, Se, and U.

Middle Blue Creek: HQs exceeded 1.0 for Sh, As, Ba, Be, Cd, Co, Mn, Ni, Se, U, and Zn.

Lower Blue Creek: HQs exceeded 1.0 for Sh, As, Be, Cd, Mn, Ni, Se, U, and Zn.

6.19.1 Risk Characterization Summary for the Wetland Invertebrate Community
Measured concentrations of Sb, Mn, Ni, Se, and U exceeded sediment invertebrate BM values
at all of the AOIs in the MA and PIA (Tables 34 and 35). Arsenic, Ba, Be, Cd, Co, and Zn
exceeded sediment invertebrate BM at some locations. Two COPCs exceeded the sediment
BM at only one location: Cu, in Pit 3; and Ag, in the Upper Eastern Drainage.

6.20  Assessment Endpoint # 20: Observable Reductions of Survival and Reproductive Capability in Aquatic
Anima Populations Related to Total lonizing Radiation Exposure
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Radium 226, %?®Ra, 23?Th, U, U, and U were measured in surface waters and instream
sediments in the MA and PIA.  AOI-specific screening was conducted by using the sum-of-the fractions
approach to compare the central tendency concentrations of each radionuclide with the default BCG
of that radionuclide for each environmental medium.

The sum-of-the-fractions process was used to calculate TIR exposure to aquatic systems based on
composite instream sediments plus surface water and grab instream sediments plus surface water.
Tables S-1 to S-11 (Appendix S) present the calculations for the composite sediments plus water for
each AOI and Tables S-12 to S-25 present the calculations for the grab sediments plus water for each
AOQI. Table 36 summarizes the results of the TIR exposure for both the composite instream sediments
plus surface water and instream grab sediments plus surface water based on central tendency
concentrations.

6.20.1 Risk Characterization Summary for Assessment Endpoint # 20

Fit 3, Fit 4, the PCP, and Blood Pool exceeded the TIR criterion of 1 rad/day for the protection
of aguatic animals (Table 36). Surface water TIR exposures drive the risk with elevated TIR
at each of these AOIs. Only the Outfall Pond had TIR of less than 1 rad/day.

The Central and Northeastern Drainages exceeded 1 rad/day. Surface water TIR drives the
risk with elevated TIR at these two AOIs. The Western, Upper Eastern, and Lower Eastern
Drainages, Upper Blue Creek, Middle Blue Creek, Lower Blue Creek, and FDR Lake, had
TIR less than 1 rad/day, indicating no TIR risk to aquatic animals (Table 36).

Assessment Endpoint # 21: Observable Reductions of Survival and Reproductive Capability in  Riparian
Anima Populations Related to Total lonizing Radiation Exposure

Radium 226, *Ra, ?*Ra, #?Th, #U, U, and #°U were measured in surface waters and riparian
sediments for sx AOIs in the PIA. AOI-specific screening was conducted by using the sum-of-the
fractions approach to compare the central tendency concentrations of each radionuclide with the default
BCG for each environmental medium.

The sum-of-the-fractions process was used to calculate TIR exposure to riparian systems based on
riparian sediments plus surface water. Tables S-26 to S-31 (Appendix S) present calculations for the
riparian sediments plus water for each AOI. Table 37 summarizes the TIR exposures.

6.21.1 Risk Characterization Summary for Assessment Endpoint #21

The Central, Western, and Lower Eastern Drainages exceeded the TIR criterion of 1 rad/day
for the protection of riparian animals. The Upper Eastern Drainage, Lower Eastern Drainage,
Middle Blue Creek, and Lower Blue Creek, had TIR of less than 1 rad/day indicating no TIR
risk to riparian animals (Table 37).
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6.23

Assessment Endpoint # 22: Observable Reductions of Survival and Productivity and/or Reproductive
Capability in Terrestria Plant and Animal Populations Related to Total lonizing Radiation Exposure

Radium 226, ?Ra, ?®Ra, #?Th, 24U, U, and #°U were measured in soils (surface and subsurface)
and surface waters in the MA and PIA. Location (AOIl) specific screening was conducted for each
radionuclide with the default BCG for each environmental medium.

The sum-of-the-fractions process was used to calculate TIR exposure for surface soils and surface
water and for subsurface soils and surface water. Tables S-32 to S-37 (Appendix S) present the
calculations for the surface soils plus surface water for each AOI and Tables S-38 to S-42 present the
calculations for the subsurface soils plus surface water for each AOI. Table 38 summarizes the results
of TIR exposure for both types of sampling.

6.22.1 Risk Characterization Summary for Assessment Endpoint #22

All AQIs in the MA and PIA had TIR exposures of less than 1 rad/day indicating no ionizing
radiation risk to terrestrial plant and animal populations (Table 38).

Overal Characterization of Risk from lonizing Radiation (Assessment Endpoints #20, 21, and 22)

Overdl, the risks associated with TIR are found in the MA, and in the Centra, Western, Northeastern,
and Lower Eastern Drainages. There is uncertainty associated with the animal exposure screening,
because one potentialy significant contributor to wildlife exposure that was not included in this study was
the minera salt deposits found around the perimeter of water bodies in the MA. Further study is needed
to better characterize the chemical and radiological aspects of these salt deposits, and their ingestion by
wildlife.
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7.0 UNCERTAINTY ANALYSIS

Uncertainties and limitations are inherent in all risk assessments and need to be considered when interpreting
results. Knowledge of the sources of uncertainty, how the ERA dedt with the sources of uncertainty, and an
understanding on the magnitude of the effects resulting from the sources of uncertainty alows for informed
management decisions. The nature and magnitude of uncertainties depend on the amount and quality of data
available, the degree of knowledge concerning the site conditions, and the assumptions made to perform the
assessment. Throughout this ERA the words “may” or “could” are used to denote and acknowledge the
uncertainties, limitations, and assumptions that are used in evaluating risk and developing this ERA. Within this
ERA, decisions regarding the direction of uncertainty were made to err towards the conservative side; however,
there are some instances for which insufficient information was avalable to estimate the direction of the
uncertainty. The uncertainties related to problem formulation, exposure characterization, effects characterization,
and risk characterization are discussed in the following sections.

7.1 Problem Formulation

There are several sources of uncertainty within the problem formulation phase of the ERA. These
include; issues related to the compilation of existing data and how this data may be used within the ERA;
the selection of assessment endpoints; and, assumptions within the site conceptual model.

The uncertainties and limitations associated with the data limitations include the use of the historical
database and the availability of data used for characterizing risk. An electronic database pooled the
environmental media sampling from site investigations conducted by Ecology & Environment during 1998
(E&E 1998), by SMI during 1999 (SMI 1999a), and by URS Corporation from 1999 to 2001 (URS
2000a, 2001a, 2001b). Appendices D through H summarize the sampling populations for each area of
interest (AQI) for the surface water, instream sediments, riparian sediments, and soils. The sizes of the
sampling populations vary between type of media and between AOI. Most of the sample populations
had sample sizes of less than 20 with severa populations containing only one or a few data points. The
availability of data, particularly for some AOIs, may not accurately reflect the contaminant exposure for
that area. However, since maximum and/or high end exposure estimate parameters were used, the
likdihood of underestimating actual exposures is believed to be low. Maximum concentrations of
contaminants in soil, water, sediment, and tissue were used for defining exposure throughout the ERA
except where central tendency values were specifically evaluated for the purpose of comparison.

Another issue related to data use is how the ERA utilized non-detect data. For this ERA when a COPC
was not detected in a particular sample, it was assumed that the actual concentration of that COPC in
that sample was one-half the detection limit. Therefore, even if a particular COPC was not detected
in any of the samples for a particular matrix, data for that contaminant in that matrix were still evaluated
in this risk assessment for estimating exposure by assuming that the contaminant was actually present
at one-hdf of the detection limit for that particular contaminant in that particular matrix.
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The selection of appropriate assessment endpoints and the receptors that will serve to characterize risk
of the assessment endpointsis a critical step within the problem formulation of an ERA. If a particular
assessment endpoint or the receptor that may potentially be exposed to site contaminants is overlooked
or not identified, there will be an underestimation of risk. Within this ERA, the selection of assessment
endpoints and the respective receptors was performed with the intent of being inclusive for this site.
However, given the complexity of the environment and the state of our knowledge of organism
interactions, it is always possible that a unique exposure pathway or receptor exists that was not
acknowledged within the problem formulation.

The site conceptual model presents the pathways by which contaminants are released from source areas
and expose receptors. However, some exposure pathways are difficult to evaluate or information does
not exist to dlow for a quantitative evaluation of exposure from particular exposure pathways. Within
this ERA there are several exposure pathways to ecological receptors which could not be addressed.
These include dermal exposure, inhaation exposure, and the ingestion of sdt deposits potentialy
contaminated with COPCs around the perimeter of the lacustrine habitats within the MA by wildlife.
These are discussed more fully below, however, it is believed that the dermal and inhalation exposure
pathways are not substantive relative to other exposure pathways. Data were not avalable to dlow the
development of a quantitative exposure assessment for the ingestion of salt deposits; therefore, this
component of the exposure could not be quantitatively incorporated into the risk characterization.

Sampling of aguatic plants and invertebrates, riparian plants and invertebrates, and terrestrial plants and
invertebrates was performed to estimate the biocaccumulation of metals (SMI 1999b, 1999c) as
described in Section 4.2.3. Sampling was only performed over a single sampling period in September and
October 1998 that involved composite sampling of the biota. The aboveground plant tissue samples were
a composite sampling of tissue that was harvested plus litter present within each sampling plot. The
terrestrial, riparian, and aguatic invertebrate samples were also composite samples of invertebrates
collected and, subsequently, does not reflect specific diet preferences of consumers nor reflect
bioaccumulation potential of specific invertebrates. When samples did not have sufficient biomass,
eemental U analysis was substituted for U isotopic analysis to estimate total U from the specific activity
of the radioisotopes as described in Section 4.2.3.3. It was assumed that this data is representative of
the bioaccumulation at each area and therefore appropriate for use in the exposure assessment. Data
limitations related to variations in tissue concentrations due to seasonal changes, between species
bioaccumulation, and specific exposure/bioaccumulation relationships could not be evaluated. The
direction of the uncertainty due to these data limitations can not be conclusively stated; however, since
maximum vaues were preferentidly used within the exposure estimates for each AQl, it is bdieve that
the likelihood of substantive underestimation of exposure is not high.

Exposure Characterization

The uncertainties associated with exposure characterization include: the total exposure estimations
inclusive of the background levels, exposure pathways not retained for quantitative evaluation;
identification of ecological receptors; selection of representative species; exposure route assumptions;
and speciation of metals.
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Total exposure for estimating risk of the metals and radionuclides in the surface water, sediments and
soils for each assessment endpoint using maximum and central tendency values was inclusive of natural
background levels and background was not subtracted from the total measured concentrations of the
environmental media. Total exposure that is inclusive of natural background levels presents the total risk
estimate rather than only the increase in risk resulting from Site contaminant releases. Further, by itself,
total risk does not indicate whether or not Site releases substantively increased the risk.

The methods (U.S. DOE 2002) for evaluating radiation doses to aguatic and terrestrial biota are intended
to be conservative in their approach to estimate dose rates per unit concentration of radionuclides in
water, sediments, or soils. The daily dose limits for biota (or the biota concentration guides [BCG]) are
intended to provide protection of whole populations of individual species rather than individua members
of a population that might experience a greater dose. Both maximum and central tendency
concentrations of the radionuclides that were compared to the BCG values were used for estimating
exposure in this ERA. The maximum concentrations of the radionuclides used for assessing risk in the
screening level ecological risk assessment (SLERA) (Section 2.4.1.5) provided a means of estimating
exposure towards the upper end of the range of measured values, but there is the probability that
additional sampling could indicate that higher exposures may occur. For this reason, it is possible that
ionizing radiation exposure may be greater than that calculated. However, it is believed that these
circumstances would not be prevalent within any given AOI and that the magnitude of the increased
exposure would not be dramatically different from the upper maximum values measured for that area.
It should also be noted that the evaluation of exposure to total ionizing radiation (TIR) was inclusive of
natural background levels. For the basdline ecological risk assessment (BERA), central tendency
concentrations of the radionuclides were used for the risk calculations based on the premise that the area
of habitation for many individua members of a population will utilize home ranges considerably greater
than a particular AOI. Since each AOI was evaluated individuadly, it is not expected that the calculations
for TIR exposure would be underestimated based on individua AOIls with the exception of the MA.
lonizing radiation exposure to specific receptors that may utilize the MA may possibly be underestimated
for exposure based on the central tendency calculations.

The measurable attributes in this ERA that incorporated the use of dietary models followed a common
practice to develop the exposure models using a surrogate or receptor species as the model. For these
models life history information of each receptor species was gathered to define the exposure parameters
for the model. There is uncertainty with the data available on individual species for these parameters
due to a lack of specific knowledge.  Additionally, an element of uncertainty is introduced by the
selection of receptor model species which represent the assessment endpoints. Within this ERA, the
selection of receptor model species was done with the intent of selecting species models which would
result in the use of conservative model parameters relative to the array of organisms represented by the
assessment endpoint. For example, a bobcat model was used for the assessment of risk to carnivorous
mammals instead of the lynx which is also within the area of the Midnite Mine Site. The lynx, which
has a larger home range and a larger body size, would result in a lower exposure and thereby a lower
calculated modeled risk for that assessment endpoint. The uncertainty associated with the selection of
species models is often in the direction of over estimation of risk for most species included within the
assessment endpoint; however, it is possible that a species or individual organisms could have higher
exposures that those calculated within this ERA.
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Life history data for the avian and mammdian receptors were based primarily on literature derived data
for species known to inhabit or utilize the region of this study area. However, the exposure parameters
were either based on data from the same species from different areas or modeled based on allometric
relationships (e.g., food ingestion rates). Uncertainty associated with variability is introduced from the
use of literature-based values for soil, sediment, water, and food ingestion rates, dietary compositions,
and body weights. These values may be from studies conducted at a time of year or location that does
not necessarily give an accurate representation of the life histories of the receptor speciesin the Midnite
Mine area.  Allometric equations are often derived using data from a variety of different taxa; values
calculated using such eguations may not be representative of a particular species.

No adjustments were made to the receptor life history parameters to account for regional factors. Only
information for adult organisms was used, with no gender differentiation. In instances where more than
one data set was combined to derive an average, each data set was assumed to be equally weighted.
Certain assumptions were made relating to several exposure parameters that deviated from the
information developed within the life history profiles. For the area use factor (AUF), which is the
foraging area utilized by the receptor for the exposure model, a factor of 1.0 was applied. An AUF of
1.0 assumes that100% of the exposure occurs at the exposure point concentration. For these high-end
exposure scenarios, the exposure value for each contaminant used in the risk calculations was assumed
to be present throughout the foraging area of the receptor and encountered at the predicted
concentration and does not incorporate the seasonal movement patterns of some species.The AUF of
1.0 being applied to each AOI should overestimate the actual risk to the receptors.

Another assumption is that the contaminants in food items were assumed to exhibit 100 percent (%)
absorption efficiency and were assumed not to be excreted during the life of the receptor. That is, the
risk estimated from dietary exposure is based on administered dose not adsorbed dose. Dietary ingestion
information was obtained from the literature for the receptor species. However, simplifications of
complex diets were performed to utilize site specific tissue, sediment, and water data. In some cases,
water and/or food ingestion rates were based on information for a smilar species or calculated from an
alometric equation. It was assumed that these estimated ingestion rates were representative of the true
ingestion rates for the receptor species in question.

Modding the dietary component of the avian or mammalian receptors either utilized maximum
contaminant levels in the vegetative and invertebrate tissue or bioaccumulation factors (BAF) derived
from the literature for earthworms, smal mammals, and fish. The uncertainty related to the tissue data
was previously described in Section 7.1. Bioaccumulation factors for smal mammals, earthworms, and
fish were derived from the literature as described in Section 4.3.5 Only maximum BAF vaues were
applied to the modeling and would more than likely overestimate risk, particularly for carnivorous
mammals and birds, piscivorous mammals, and soil-invertebrate feeding mammals and birds. Available
bi oaccumulation information from the literature for fish tissue was limited to three metals (U, Ni, and Cd)
preventing an assessment of risk based on the dietary component from other COPCs to the piscivorous
mammals and birds.

There is very little information available in the literature regarding the rates of incidental soil/sediment
ingestion for wildlife species. In this ERA, with the exception of the meadow vole, white-tailed deer,
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muskrat, raccoon, and malard duck, soil/sediment ingestion rates were based on estimates reported for
species smilar to the indicator species, not for the receptor itself. For the muskrat, measures of soil
ingestion per se were not available; instead, the percentage of stomach contents not identified as
consisting of ether plant or animal material was used to represent soil intake. Soil ingestion rates for
mink, Wilson’s snipe, American kestrel, great horned owl, great blue heron, and bald eagle were
estimated as the amount of soil entrained in the digestive tract of prey species. The uncertainty related
to incidental soil/sediment ingestion could either underestimate or overestimate the exposure depending
upon the species. Some species do not always consume the prey whole while others do. In addition,
there may be other pathways for sediment or soil ingestion not accounted for within the exposure models
used. The food chain models used smplified diets of one or two items with a static ingestion rate; in
reality, each receptor organism’s diet is varied, and the ingestion rate varies with food availahility and
metabolic needs (such as during growth of young and periods of metabolic stress). While reliance on
a dngle forage item is not redlistic over long time periods or even a growing season, it may not be
implausible within the time frame relevant to the toxic mechanism of the contaminants. Organisms do
not use the environment uniformly, but rather forage where food is most readily available to them. Also,
organisms may focus on particular food items as they become available, such as when insects are
emerging or when a particular berry is ripe. For this reason, the use of a single or limited number of food
items, which were selected such that potential for under-estimating exposures is believed to be low, may
not dramatically over-estimate exposure but also should not under-estimate actual exposures within
relevant time frames.

The minera salt deposits visible around the perimeter of the water bodies in the MA were not analyzed
for chemical or radiologica properties, and were not included in the food ingestion exposure models.
These salt deposits may be a potentially significant contributor to the total daily dose of COPCs and TIR
to which animas are exposed. However, thereis a lack of information available to conduct a credible
estimation of the additional exposure which occurs from this exposure pathway. Therefore, this
uncertainty is acknowledged but is incorporated into the risk characterization in only a qualitative way.

Exposure pathways selected for modeling did not examine the contribution of dermal absorption by birds
or mammals or inhdation exposure of particulates. These exposure pathways were not incorporated
into the ERA as neither site-specific data or literature parameters are readily available which would
dlow a credible estimation of the exposure and risk. In contrast to the use of conservative assumptions,
the error introduced into this risk assessment by the omission of these routes of exposure may result in
a less protective outcome. The relative degree to which this error alters the outcome of the ERA is
unknown; however, if these exposure pathways do substantively contribute to the ecological risk, it is
anticipated that they would be similar in areal distribution to the other risks estimated. Therefore, it is
believed that the risk conclusions for the AOIs presented in this ERA would not be substantively
changed by the inclusion of these exposure pathways.

Information concerning speciation of metals was generally lacking. It is widely recognized that
bioavailability and toxicity can vary dramatically as a function of the metal species. As consequence,
exposure and risks may be either underestimated or overestimated. However, given that the Site area
did not refine or process the ore material and that the toxicological studies used to generate the TRVS

0081-DFR-093005 144



7.3

for this ERA generdly used bioavailable/toxic forms of the contaminants, it is unlikely that risk is
substantively underestimated.

Effects Characterization

Benchmark (BM) values selected for surface water, sediments, and soils were derived (See Section
2.3.2.1) from the most current criteria, guidance, or technical data available and were based on the more
conservative value of the available published literature that would not pose an adverse effect. In addition,
BMs for the hardness-dependent metals - Cd, Cu, Pb, Ni, and Zn - were based on dissolved metal
concentrations at a water hardness of 30 mg/L as CaCo,. Since water hardness levels are significantly
above the 30 mg/L at most of the aguatic AOIs with the exception of the Upper Blue Creek, the BMs
for the hardness dependent metals would likely overestimate risk for much of the year.

Not al toxicity reference vaues (TRV) for amphibians, birds, or mammals (Appendices J and K)
represent the same degree of certainty. Toxicity reference vaues were mostly derived from laboratory
animal studies. The extrapolation between species from different taxa may induce error because of
differences in pharmacokinetics, representative organs, and population variability. For the amphibians
and some individua elements the toxicity database was limited or not aviaable. Toxicity reference values
were selected through a systematic process to minimize the potential for under-estimating the toxicity
of contaminants to the assessment endpoints.

A literature search was conducted to determine the chronic toxicity of the contaminants of concern

when ingested by the indicator species. If no toxicity values could be located for the receptor species,

values reported for a closdly related species were used. All studies were criticaly reviewed to

determine whether study design and methods were appropriate.  When values for chronic toxicity were
not available, LD., (median lethal dose) values were used. For the purposes of this ERA, a factor of

10 was used to convert the reported LD, to a LOAEL. A factor of 10 was also used to convert a
reported LOAEL to a NOAEL. If the only information available in the literature was a NOAEL, a
factor of 10 was used to convert it to a LOAEL. When severa toxicity values were reported for a
receptor species, the most conservative value that resulted in an ecologicaly significant adverse effect
was used in the risk calculations, regardless of toxic mechanism. Toxicity values obtained from long-

term feeding studies were used in preference to those obtained from single dose oral studies. No other

safety factors were incorporated into this ERA.

The utilization of a conversion factor of 10 is an accepted practice for converting BM vaues (Dourson
and Stara 1983, Sample et. al.1995, Suter and Taso 1996). This conversion factor of 10 is commonly
utilized when the actual relationship between the BMs is known even when it is known that the factors
are less than 10. Therefore, it is believed that the use of a conversion factor of 10 for converting toxicity
BMsis conservative and does not under-estimate the risks calculated.

Uncertainty related to the toxicity estimates of effects including NOAELs, LOAELS, LD.s, and other
mathematical calculations derived from the literature have inherent variability. These values are
satistically determined and are reflective of the experimenta design. For example, within a particular
toxicity study the reported LOAEL and/or NOAEL is dependent upon the exposure levels selected
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within the study design. It is not known within these studies how much lower the LOAEL may be or
how much higher the NOAEL may be. However, within the risk calculations this error is believed to
be relatively minor as compared to other sources of error within the risk calculations of the ERA.

In some cases, contaminant doses in the diet were reported as parts per million (ppm). These were
converted to a daily intake in milligrams per kilogram body weight BW per day (mg/kg BW/day) by
using the formula:

Daily Intake (mg/kg/day) = Contaminant Dose (mg/kg diet) x Ingestion Rate (kg/day) x
1/Bodyweight (kg)

This conversion alows dietary toxicity levels cited for one species to be converted to a daily dose for
a different species based on body weight. Incidental sediment ingestion was aso included in the daily
dose calculation. This daily dose may then be used to evaluate the risk to other species, if no specific
toxicity datais available for atarget receptor.

Error can be introduced by use of invalid assumptions in the conceptual model. Conservative
assumptions were made in light of the uncertainty associated with the risk assessment process. This
was done to minimize the possibility of concluding that no risk is present when a threat actually does
exist (i.e, to diminate false negatives). Whenever possible, risk calculations were based on conservative
values. For example, NOAELSs used to calculate HQs were the lowest values found in the literature,
regardless of toxic mechanism.

Risk estimates were determined for each COPC individualy. Hazard indices (HI), which are the
summation of HQs, were not calculated in this ERA. It is the general practice within risk assessments
to use HI caculations when it is known that several contaminants interact. The interaction between
contaminants may be additive, antagonistic or synergistic. Within the list of COPCs for this site only two
contaminants (U and Cd) were identified as having the same mechanism of toxicity. Neither of these
contaminants were diminated as COPCs through the risk calculations, therefore the calculation of the
HI results in a redundant conclusion of risk posed by both contaminants. There is aso the potentia of
cumulative stress from the exposure to multiple stressors; however, this was not evaluated within this
ERA. Thereis not an accepted practice for conducting this type of assessment and, furthermore, it is
believed that HI assessments would not change the conclusions of this ERA.

Within this ERA it is assumed that cancer risk is not a substantive component of ecological risk. The
risks posed by radiation is evaluated as the effect of TIR and not exposure to individual radioisotopes.
It is believed that the toxicological risk posed by the individual elements greetly exceeds any risk posed
by the radiological characteristics of the isotopes present. This may be viewed as an uncertainty which
underestimates the risks posed by the Site, but it is believed to not substantively effect the risk based
conclusions.

An antagonism between Mo and Cu to ruminants (e.g., deer, elk, sheep) from a dietary intake of sulfate
(SO,-S) that could cause copper deficiency is a potentia risk. The high levels of SO, in the surface
waters of the aguatic systems, particularly within the MA, could potentiate the toxic effect of Mo in
ruminants. When ruminants ingest SO,, there is a microbial reduction of SO,-S and S-amino acids to
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sulfide and hydrogen sulfide ions that progressively displaces oxygen from ingested MoO, ions to yidd
oxthio and tetrathio molybdates which bind with Cu compounds making Cu physiologicaly unavailable
(Mertz 1987, Mortvedt et.al.,1991). These documented effects are based on exposure to naive
populations. The risk related to this dietary intake by a wildlife population is unknown at the Midnite Mine
site.

Risk Characterization

This ERA evauates exposure to contaminants through food, water, soil or sediment ingestion and/or
uptake. Major sources of uncertainty include natural variability, error, and insufficient knowledge.
Natural variability is an inherent characteristic of ecological receptors, their stressors, and their combined
behavior in the environment. Bictic and abiotic parametersin these systems may vary to such a degree
that the exposure of similar ecological receptors in the same system may differ temporally and spatially.
Factors that contribute to temporal and spatia variability include differences in individua organism
behavior (within a species), changes in the weather or ambient temperature, unanticipated interference
from other stressors, interactions with other species in the community, differences between
microenvironments, and numerous other factors.

An HQ equal to or greater than 1.0 indicates there is insufficient information to conclude negligible risk
from exposure to contaminant at concentrations measured on-site. A HQ less than 1.0 may not indicate
alack of risk, but suggests that there is a high degree of confidence that minimal risk exists for the given
contaminant, since BM vaues are based on the lowest measured concentration considered to be
protective of the most sensitive organism in a medium.

Risk to the mammalian and avian assessment endpoints were evaluated from food chain modeling that
incorporated exposure to contaminants through food, water, and incidental soil or sediment ingestion.
Four food chain models were run. Model 1 used conservative life history parameters (lowest body
weight and highest ingestion rates of soil or sediment and water) and the maximum concentrations of
COPCs. Food intake was excluded for this model. Model 2 used representative life history parameters
(average body weight and ingestion rates) and central tendency (mean or median) concentrations of
contaminants. Food intake was excluded for this model also. Model 3 used the same conservative life
history parameters and COPC concentrations as Model 1, along with the highest published ingestion
rates for food. Model 3 was generally the most conservative of the models. Food exposure was based
on either the maximum site-specific tissue data or on conservative literature-based BAFs. Modd 4 used
the same representative life history parameters as Model 2, along with the average (or mid-point of a
published range) ingestion rates for food. Concentrations of COPCs in food were based on either the
maximum site-specific tissue data or conservative literature-based BAFs. Both Models 1 and 3 with the
more conservative inputs of the life history parameters along with the maximum environmental media
values would reduce the chance that risk to the assessment endpoints would be underestimated.

The selection of representative species for the avian and mammalian assessment endpoints for
characterizing risks was based on the species-specific intake parameters for the representative species.
Other species present may have different exposure or intake parameters than that modeled for the
representative species, which may be more or less sensitive to COPCs.
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In general, data were reported to one or two decimal places. However, values obtained from the
literature were used as reported in the citation. Where averages were calculated, the calculated value
was retained. In the food chain models, the full value of calculations were retained. This was done to
minimize rounding errors which may have added additional uncertainty, and does not imply additional
precision. Hazard quotient (HQ) calculations were rounded and shown to two decimal places when less
than 10.0, to on decimal place when between 10.0 and 100, and to zero decimal places when greater
than or equal to 100. Thus, a calculated HQ of 0.995 will be presented as 1.00.

Uncertainty factors were not applied to the risk calculations within this ERA. As discussed above,
conversion factors were used to convert toxicity benchmarks, however, uncertainty factors were not
applied to any calculation including the development of a TRV or estimation of exposure. The approach
taken in this ERA was to systematically use conservative assumptions and decisions to minimize the
potential for underestimating exposure and risk. While the use of uncertainty factors could reduce the
possibility of underestimating risk, it could potentidly drive the acceptable exposure level for at least
some elements below a level which is essentia for the health of an organism. This reduction of an
acceptable exposure level could result in nutritional deficiencies that subsequently could cause adverse
effects due to lack of exposure. However, for this ERA any contaminants for which a case could be
made for applying uncertainty factor to offset a potential nutrient deficiency would not substantively alter
the conclusions of the ERA.

SUMMARY OF RESULTS

This ERA was conducted following Superfund guidance utilizing a systematic approach for selecting hazard and
exposure parameters. This systematic approach incor porated the selection of conservative inputs for the risk
caculations to reduce the chance that risk to the assessment endpoints should not be underestimated. An
overview of some of the primary conservative inputs are:

* Highly conservative screening-level benchmark (BM) values for surface water, sediments, and soils
were used for assessing risk to aguatic communities (Assessment Endpoints 1, 2 and 3), wetland
communities (Assessment Endpoints 18 and 19), and terrestrial soil and plant communities (Assessment
Endpoints 4 and 5). The BMs were compared to maximum measured concentrations of the surface
water, sediments and soils to estimate risk for this ERA.

* Risk to the mammalian and avian communities (Assessment Endpoints 6 to 16) was based on model-
calculated dietary exposures utilizing conservative life history parameters (lowest body weights, highest
ingestion rates), maximum contaminant concentrations, and maximum dietary concentration or
bioaccumulation (BAF) values.

« An area use factor (AUF) of 1.0 was applied to the model-calculated risk assuming each receptor
spends 100% of its time within each AOI within the MA and PIA.

« Total exposure for estimating risk of the metals and radionuclides in the surface water, sediments and
soils for each assessment endpoint was inclusive of natural background levels. Natural background levels
have been defined as the “concentrations of hazardous substances consistently present in the
environment which has not been influenced by localized human activities’. For example, several metals
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(Al, As, Be, Cd, Cr, Cu, Fe, Pb, Mn, Ni, Zn) occur naturally in the bedrock and soil of Washington State
due solely to geologic processes (Juan 1994). Similarly, concentrations of natural U and associated
radioisotopes would be present at natural background levels expected for a minera-rich area. For this
ERA, total exposure for estimating risk of the metals and radionuclidesin the surface water, sediments
and soils for each assessment endpoint was inclusive of natural background levels.

» Bioavailahility of metals and radionuclides was assumed to be 100%. No consideration on controlling
biocavailahility based on the strength of binding of the metals by soils or sediments was applied in the
assessments.

The intent of this systematic process and conservative approach was to optimally utilize the site-specific data
that were available and to reduce the likelihood that risks would be underestimated, while supporting informed
management decisions.

The basdline ecologicd risk assessment (BERA), presented in Sections 3 to 7, characterized the risk to 22
assessment endpoints encompassing the aquatic, riparian, and terrestrial ecosystems within the MA and PIA.

#1. Periphyton Community.

#2: Benthic Macroinvertebrate Community.

Fish Community

Terrestrial Soil Community.

Terrestrial Plant Community.

Herbivorous Mamma Community.

Carnivorous Mammal Community.

Omnivorous Mamma Community.

Piscivorous Mammal Community.

#10:  Soil Invertebrate Feeding mammal Community.

#11:  Insectivorous Avian Community.

#12:  omnivorous avian community.

#13:  Sail Invertebrate Feeding Avian Community.

#14.  Carnivorous Avian Community

#15.  Piscivorous Avian Community.

#16:  Herbivorous Avian Community

#17.  Amphibian Community

#18:  Wetland Plant Community

#19:  Wetland Invertebrate Community

#20:  Aquatic Animal Populations Related to TIR Exposure.
#21:  Riparian Animal Populations Related to TIR Exposure.
#22.  Terestria Plant and Animal Populations Related to TIR Exposure.

SBIFHED

8.1 Aquatic Ecosystems - Assessment Endpoints 1,2, and 3

Assessment Endpoints 1, 2, and 3 characterized risk of metals contamination to aquatic ecosystems in
the MA and PIA. Risk was based exclusively on conservative screening-level BM vaues and maximum
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concentrations of metals in surface water and sediments. It was concluded that the periphyton, benthic
macroinvertebrate, and fish communities are at risk at dl AOIs within the MA and PIA (Tables 22, 23,
and 24).

The hazard quotients (HQ) for several of the COPCs, particularly for Al, Be Cd, Co, Cu, Pb, Mn, Ni,
Ag, Se, U, and Zn, tended to be one to two orders of magnitude higher within the AOIs of the MA than
the PIA. The PCP and Pit 3 had a higher number of COPCs present and the most elevated HQs.

The drainages in the PIA tended to have a more COPCs compared to the AOIs within Blue Creek. The
predominant COPCs in the drainages and Middle Blue Creek included Al, Ba, Be, Cd, Co, Cu, Pb, Mn,
Ni, Se, U, and Zn. Upper Blue Creek and Lower Blue Creek had the least number of COPCs present.

Risk to the aquatic ecosystems was based primarily on screening level BM vaues along with some
supporting lines of evidence from site-specific studies conducted in March 2003 that served to document
adverse effects in the system. Regardless of the poor water qudity conditions (low pH, high SO,, high
hardness) in the lacustrine habitats in the MA, the high metals concentrations in surface water and
sediment pose substantial risk. The PIA drainages are also characterized by poor water quality.
Additiondly, several drainages flow intermittently or have low-flow conditions that could impact
supporting and sustaining a diverse aguatic community. However, the wide range and magnitude of
COPCs in the PIA drainages would pose risk to the aquatic communities independent of the other
factors.

Site-specific aguatic studies conducted in March 2003 indicated a shift in macroinvertebrate communities
from Upper to Middle and Lower Blue Creek (Appendix O). Upper Blue Creek is characterized by low
hardness, low SO,, and low total dissolved solids. Middle and Lower Blue Creek are influenced by
water from the Eastern Drainage that increases metals, hardness and SO, concentrations, and
conductivity. However, the effect of the Eastern Drainage on the aguatic communities of Blue Creek
is associated with some uncertainty. There appears to be risk associated with mine-related COPCs, but
the magnitude of the risk and the links to causative factors in water and sediment chemistry are
confounding. The limited data collected for this study do not address the differentia effects of in-place
COPCs (COPCs that deposited over time in the sediments) versus COPCs released from the mine
versus non-COPC water quality parameters.

Terrestrial Ecosystems - Assessment Endpoints 4 through 16

Terrestrial ecosystems were characterized based on the viahility and function of the terrestrial soil and
terrestrial plant communities (Assessment Endpoints 4 and 5) aong with the viability and function of the
mammalian and avian communities (Assessment Endpoints 6 through 16).

Assessment Endpoints 6 through 16, incorporating aguatic, riparian, and the terrestrial ecosystems, were
evaluated through the use of food chain models. Four exposure models were used for each receptor
species to estimate abiotic exposure (i.e., surface water, sediments, or soils) and total exposure (abiotic
exposure plus dietary component). Risk was evaluated based on calculating NOAEL -based HQ and
LOAEL-based HQ. If both the NOAEL-based and LOAEL-based HQs exceeded 1.0, then the
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contaminant concentration demonstrated model-calculated risk. If the NOAEL-based HQ was greater
or equal to 1.0 but the LOAEL-based HQ was not, then it was concluded that possible model-cal cul ated
risk may exist.

Assessment Endpoint 4 - Terrestrial Soil Community

Determination of risk to the terrestrial soil community was based exclusively on surface and subsurface
soil concentrations exceeding conservative BM values for soils. Chromium, Mn, U, V, and Zn in surface
soils exceeded the BM values at all AOIs within the MA and PIA. Arsenic, Co, Cu, Mo, and Ni also
exceeded BM vaues at some locations. Four COPCs - Cd, Pb, Se, and Tl - exceeded the BM values
a only the MA (Table 26).

Subsurface soil Cr, Mn, U, and V exceeded BM values a dl AOIs in the PIA (Table 27). Arsenic
exceeded its BM at some locations. Molybdenum and Zn exceeded BM values at only the East Haul
Road.

Assessment Endpoint 5 - Terrestrial Plant Community

Determination of risk to the terrestrial plant community was based exclusively on surface and subsurface
s0il concentrations exceeding screening level BM values for plants. Chromium, Mn, U, V, and Zn
exceeded plant BM values at dl of the AOIs within the MA and PIA Arsenic, Co, Mo, and Ni
exceeded the plant BM vaues at some locations. Cadmium, Pb, Se, and Tl exceeded the plant BMs at
only the MA (Table 28).

Subsurface soil Cr, U, and V exceeded the plant BM values at dl of the AOIsin the PIA. Arsenic, Mn,
and Zn exceeded the plant BM values at some locations. Molybdenum exceeded the plant BM only at
East Haul Road (Table 29).

Assessment Endpoint 6 - Herbivorous Mammal Community

Three receptors - white tailed deer, meadow vole, and muskrat - were used for modeling risk to the
herbivorous mammal communities utilizing the terrestrial, agquatic, and riparian areas. When white-tailed
deer was modeled, risk was driven by surface water and incidental soil ingestion (Table QB). When
meadow voles or muskrat were modeled, risk was driven by metals in plant tissue (Tables QA and
QC1). There was model-caculated risk to the herbivorous mammal communities from abiotic (water
plus soil/sediment ingestion) exposure to Se, U, and V in the MA; U in the West Haul Road and the
Central Drainage; and U in the Central Drainage riparian area. There was model-calculated risk to the
herbivorous mammal communities from total exposure to Mn and U at each AOI within the MA and
PA.

There was model-calculated possible risk to the herbivorous mammals for most of the remaining COPCs
within the MA and PIA, primarily driven by the dietary component.

Assessment Endpoint 7 - Carnivorous Mammal Community
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The coyote and bobcat were used for modeling risk to the carnivorous mammal communities utilizing
the terrestrial areas within the MA and PIA. Risk was driven by the dietary component which was
based on maximum literature-derived BAF values for small mammals. There was model-calculated risk
to the carnivorous mammals from total exposure to Cd, Mo, Se, U, and Zn in the MA and from exposure
to Cd and U in the East and West Haul Roads (Tables QD and QE).

Possible risk to carnivorous mammals may exist from abiotic exposure of Se, U, and V in the MA and
U in the West Haul Road. Risk may also exist to the carnivorous mammals from total exposure to Pb
and V in the MA, and from exposure to Cd, Se, Mo, U, and Zn within the PIA depending on location.

Assessment Endpoint 8 - Omnivorous Mammal Community

The deer mouse and raccoon were used for modeling risk to the omnivorous mammal communities
utilizing the terrestrial and aquatic areas within the MA and PIA. When the deer mouse was modeled
for the terrestrial areas, risk to the omnivorous mamma community was driven by the metals
concentrations in soil and surface water including As, Mn, Mo, Se, and V in the MA; As, U, and V in
the Haul Roads; and V in the Northeast PIA and Southwest PIA (Table QF).

When the raccoon was modeled for the agquatic areas, risk to the omnivorous mammal community was
primarily driven by abiotic exposure of U in the MA and by total exposure of Mn and U at several AOIs
within the PIA (Table QG).

Possible risk to the omnivorous mammal community may exist from V in the MA and from Ba, Cd,, Se,
and V at the AOIs within the PIA.

Assessment Endpoint 9 - Piscivorous Mammal Community

The mink was used for modeling risk to the piscivorous mammal communities utilizing the aguatic
systems within the MA and PIA. Risk was primarily driven by the dietary component which was based
on maximum literature-derived BAFs for fish. (Note: limited database on fish BAFs restricted the
modeling to Cd, Ni, and U). Risk to the piscivorous community in the MA was driven by predicted Cd,
Ni, and U in fish particularly at Pit 3, PCP, and the Blood Pool. In the PIA the piscivorous mammal
community was at risk from predicted Cd, Ni, and U in fish at the Central Drainage and U in fish at the
Upper Eastern Drainage. Risk to the piscivorous mammal community was also driven by abiotic
exposure of U at the PCP in the MA and at the Central Drainage in the PIA. Possible risk from total
exposure of U may exist at upper, middle and lower Blue Creek AOIs (Table QH).

Assessment Endpoint 10 - Sail Invertebrate Feeding Mammal Community
The masked shrew was used for modeling risk to the soil invertebrate feeding mammal communities
utilizing the terrestrial systems within the MA and PIA. Model-calculated risk to the soil invertebrate

feeding mammal community was determined from abiotic exposure to As, Mn, Mo, Se, U, and V in the
MA; and to As, U, and V in the East Haul Roads; U and V in the West Haul Road; and to V at the
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Northeast PIA and Southwest PIA. When the dietary component incorporating the maximum BAF
values for earthworms was gpplied in the modeling, risk was predicted for most of the COPCs (Table

Ql).
Assessment Endpoint 11- |nsectivorous Avian Community

The cliff swallow was used for modeling risk to the insectivorous avian communities utilizing the
terrestrial systems within the MA and PIA. Abiotic exposure of soil and surface water did not pose risk
to the insectivorous avian community. There was model-calculated risk to insectivorous birds from total
exposure to Cu at the AOIs within the MA and PIA. Possible risk from exposure of Cd, Cr, Pb, and
Zn in the dietary component may exist within the MA and each of the AOIs within the PIA; Se may
pose risk within the MA.(Table QJ).

Assessment Endpoint 12 - Omnivorous Avian Community

The song sparrow and mallard duck were used for modeling risk to the omnivorous avian communities
utilizing the terrestrial and aquatic areas within the MA and PIA. When the song sparrow was modeled
for the terrestrial areas, risk to the omnivorous avian community was predicted for Sein the MA (Table
QK). When the mallard was modeled for the aguatic areas, risk to the omnivorous avian community
was predicted from Cu at the PCP within the MA; and from Se in the Lower Eastern Drainage (Table

QL).

Possible risk to the omnivorous avian community at the terrestrial systems may exist from abiotic
exposure of Cr in the MA and from total exposure of Zn at dl terrestrial AOIsin the MA and PIA when
the song sparrow was used for the modeling. Possible risk to omnivorous birds for the aquatic systems
may exist from As, Cd, Ni, U and Zn, primarily at the PCP within the MA.and As, Cd, Mn, Se, U, and
Zn a various AOIs within the PIA.

Assessment Endpoint 13 - Soil Invertebrate Feeding Avian Community

The American robin and the Wilson's snipe were used for modeling risk to the soil invertebrate feeding
avian communities utilizing the terrestrial, aquatic, and riparian areas at this site. When the American
robin was modeled for the terrestrial areas, risk from abiotic exposure to the soil invertebrate feeding
avian community was determined for Se in the MA. When the dietary component using maximum
earthworm BAF values for the American robin was gpplied, risk to the soil invertebrate feeding birds
was driven by predicted COPC concentrations for As, Cd, Cr, Cu, Ph, Se, and Zn in the MA and PIA
(Table QM).

When the Wilson's snipe for the aguatic and riparian areas, risk from abiotic exposure to the soil
invertebrate feeding avian community was determined for Cu and Ni in the PCP within the MA and Se
a the Lower Eastern Drainage within the PIA. When the dietary component using the site-specific
aguatic invertebrate tissue for the Wilson's snipe was applied, risk to the soil invertebrate feeding birds
was driven by Cd and Sein the Lower Eastern Drainage and Se in the Upper Eastern Drainage (Tables
QN1 and QN2).
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Possible risk to the soil invertebrate avian community at the terrestrial systems may exist from total
exposure of Mo and Tl in the MA when the American robin was used for the modeling. Possible risk
to soil invertebrate feeding birds for the aquatic and riparian systems may exist from As, Cd, U, and Zn
at some of the AOIs within the MA and PIA

Assessment Endpoint 14 - Carnivorous Avian Community

The great horned owl and the American kestred were used for modeling risk to the carnivorous avian
communities utilizing the terrestrial systems within the MA and PIA. When either species was modeled,
risk from abiotic exposure to carnivorous birds was determined from Se in the MA. There is model
calculated risk to carnivorous birds from total exposure to Cd, Cr, Pb, Se, and Zn in the MA and Cd in
the Northeast PIA, East Haul Road, and West Haul Road. The predicted risk to the carnivorous birds
is driven by estimated COPC concentrations defined by the maximum BAF values in small mammals
(Tables QO and QP).

Possible risk to the carnivorous avian community may exist within the MA from abiotic exposure to As,
Cr, Pb, and Zn, and from total exposure to As, Cd, Ph, Se, and Zn. Possible risk to the carnivorous avian
community may exist from total exposure to Cd, Cr, Pb, and Zn at the AOIs within the PIA.

Assessment Endpoint 15 - Piscivorous Avian Community

The great blue heron and the bad eagle were used for modeling risk to the piscivorous avian
communities utilizing the aquatic systems within the MA and PIA. (Note: a limited database on fish
BAFs restricted the modeling to three COPCs - Cd, Ni, and U for the total exposure) Possible risk to
piscivorous birds may exist from exposure to U in the MA. No risk to piscivorous birds were indicated
within the PIA (Tables QQ and QR).

Assessment endpoint 16 - Herbivorous Avian Community

The spruce grouse and the song sparrow were used for modeling risk to the herbivorous avian
communities utilizing the terrestrial systems within the MA and PIA. Abiotic exposure of Se in the MA
imposes risk to the herbivorous avian community. Possible risk to herbivorous birds may exist from
exposure to Cr, Pb, or Zn in the MA and from Zn at al terrestrial AOIls in the PIA (Tables QS and
Q).

Riparian / Wetland Ecosystems - Assessment Endpoints 17, 18, and 19

The riparian and wetland habitats have been grouped together for the ecological characterization of this
project area. The riparian and /or wetland habitats in the PIA include the banks and the low lying areas
bordering the Eastern, Central, and Western Drainages, and Blue Creek. No natural riparian/ wetland
habitats were identified in the MA.
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Three assessment endpoints characterized the riparian/ wetland habitats within the PIA Assessment
Endpoint 17 identified the amphibian community and Assessment Endpoints 18 and 19 characterized
the wetland plant and invertebrate communities.

Assessment Endpoint 17- Amphibian Community

Determination of risk to the amphibian community was based on COPCs for which TRVs were
available. Measured concentrations of metals in surface water and sediments were compared to the
amphibian TRVSs.

Copper and Zn in surface water posed arisk to amphibians at all of the AOIs. Possible risk from Al and
Cd may exist at dl of the AOI inthe MA and PIA. Chromium and Pb did not pose arisk to amphibians
a any of the AOIs (Table 30). Exposure to Cd and Zn in sediments posed risk to the amphibians at dl
of the AQIs (Table 31). Risk to amphibians from Sh, As, Ba, Be, Co, Mn, Mo, Se, Ag, Tl, U, and V
could not be evaluated due to lack of applicable TRVs.

Assessment Endpoint 18 - Wetland Plant Community

Risk to the wetland plant community exists from the site-related contaminants within the PIA.
Contaminant levels in the sediments were above the literature-based BM values for terrestrial plants.
Chromium, Mn, Ni, U, and V exceeded plant BM values at al of the AOIs. Arsenic, Ba, Cd, Co, Se,
and Zn exceeded plant BM values at some locations. Two COPCs exceeded the BM values at only
one location: Cu, in Pit 3; and T, in Pit 4 (Tables 32 and 33).

Assessment Endpoint 19 - Wetland Invertebrates

Risk to the wetland invertebrate community exists from the site-related contaminant within the PIA.
Contaminant levels in the sediments were above the conservative BM values for sediments. Measured
concentrations of Sb, Mn, Ni, Se, and U exceeded sediment invertebrate BM vaues at all of the AOIls
in the MA and PIA. Arsenic, Ba Be Cd, Co, and Zn exceeded sediment invertebrate BM at some
locations. Two COPCs exceeded the sediment BM at only one location: Cu, in Pit 3; and Ag, in the
Upper East Drainage (Tables 34 and 35).

Total lonizing Radiation - Assessment Endpoints 20, 21, and 22

Risk from TIR to aguetic biota, riparian animals, terrestrial animals, and terrestrial plants was evaluated
following USDOE (2002) guidance. For the SLERA, the genera conservative screening methodology
was conducted using the maximum concentrations of the site-specific isotopes in water, sediments, and
soils. Risk to the three assessment endpoints within the BERA followed the same procedures as the
SLERA with the exception that the central tendency concentrations of the site-related isotopes were
used for calculating TIR exposure instead of the maximum concentrations.

Assessment Endpoint 20 - Aquatic Animal Populations
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Pit 3, Pit 4, the PCP, and Blood Pool exceeded the TIR criteria of 1 rad/day for the protection of aguatic
animas (Table 36). Surface water TIR exposures drive the risk with elevated TIR at each of these
AOIs. Only the Qutfall Pond had TIR of less than 1 rad/day.

The Central and Northeastern Drainages exceeded 1 rad/day. Surface water TIR drives the risk with
devated TIR at these two AOIs. The Western, Upper Eastern, and Lower Eastern Drainages, Upper
Blue Creek, Middle Blue Creek, Lower Blue Creek, and FDR Lake, had TIR less than 1 rad/day,
indicating no TIR risk to aguatic animals (Table 36).

Assessment Endpoint 21 - Riparian Animal Populations

Only the Central Drainage exceeded the TIR criteria of 0.1 rad/day for the protection of riparian
animals. The Western Drainage, Upper Eastern and Lower Eastern Drainages, Middle Blue Creek, and
Lower Blue Creek, had TIR of less than 0.1 rad/day indicating no TIR risk to riparian animals (Table
37).

Assessment Endpoint 22 - Terrestrial Plant and Animal Populations
All AQIs in the MA and PIA had TIR exposures of less than 0.1 rad/day for terrestrial animals (Table

38a) and less than 1.0 rad/day for terrestrial plants (Table 38b) indicating no TIR risk to terrestrial plant
and anima populations.

CONCLUSIONS

The Midnite Mine site is an inactive uranium mine, in a mineral-rich area, and so high concentrations of metas
and radionuclides were expected in al excavated areas (MA), al areas covered with waste rock (Haul Roads),
and dl areas within the direct influence of surface water or groundwater runoff (PIA drainages). Risk to the
three ecosystems - aquatic, riparian/wetland, and terrestrial - within the MA and PIA are summarized as follows:

9.1

Aquatic Ecosystems
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- High number of COPCs were identified within the aguatic habitats of the MA and the PIA. While none
of the COPCs could be eliminated, those mine-related COPCs which were more pervasive, and of
higher magnitude stand out (U, Al, Be, Cd, Co, Cu, Mn, Ni, Pb, Se, Ag, and Zn).

- Lacustrine habitats within the MA posed the greatest risk to aquatic communities based on the
magnitude of the HQs, particularly at Pit 3, PCP, and Blood Pool. In addition, the poor water quality
conditions (low pH, high SO, concentrations, and high conductivity) further pose significant risk to
aquatic life in these habitats.

- The lacustrine habitats within the MA are an attractive nuisance to wildlife (elk, deer, etc.) for water
ingestion and the possible consumption of mineral salts that may be available around the perimeter of
these habitats. These sdt formations may potentially increase risk; however, the consumption of salts
was not quantified as an exposure in this ERA, nor was the salt analyzed for COPCs.

- The drainages within the PIA pose risk to the aguatic communities based on metals contamination.
In addition, the intermittent and/or low flow conditions along with the poor water quality conditions (e.g.
low pH, high sulfate, and high conductivity) further pose risk to aquatic life within the drainages. The
drainages continue to be a conduit for the transport of contaminants from the MA to Blue Creek.

- The onsite WTF, which operates from Spring to Fall, and the seep collection system, which operates
year round, serves to significantly reduce the transport of contaminants from the MA to the drainages
and Blue Creek. When the WTF is not operating from Fall to Winter, higher concentrations of
contaminants from the MA are observed flowing to the drainages and Blue Creek.

- Blue Creek below the confluence of the Eastern Drainage is at risk from the mine drainage. There is
a level of uncertainty regarding the causative agents imposing risk to the aquatic communities in Blue
Creek including contamination from metals and TIR, and reduced water quality (e.g., high SO,, high
hardness, high conductivity).

- Risk to aquatic anima populations associated with TIR were found in the lacustrine habitat within the
MA and in the Central and Northeastern Drainages.

Terrestrial Ecosystems

- The MA, characterized as a physically disturbed area, provides limited and poor quality habitat for
wildlife. Some species of wildlife (e.g., marmot and cliff swallow) that have been reported to inhabit the
MA are a risk. Wildlife that would utilize the MA for water, grazing, or salt consumption are aso
considered at risk. The East and West Haul Roads which were constructed and paved with gravel and
waste rock from the MA presents a significant source of contamination within the PIA.

- Mode calculated risk to the mammalian communities based on conservative food chain exposure was
determined for herbivorous, carnivorous , omnivorous, piscivorous, and soil invertebrate feeding
mammals. In genera, the greatest predicted risk to the mammalian communities, particularly the
herbivorous, carnivorous, omnivorous, and soil invertebrate feeding mammals was determined within the
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MA. A higher number of COPCs was predicted to pose risk to these mammalian communities within
the MA than at AOIswithin the PIA.

For the AOIs within the PIA, a smilar number of COPCs was predicted to pose risk between the
Northeast and Southwest PIAs and the East and West Haul Roads for the herbivorous mammals based
on abictic exposure, for the carnivorous mammals based on total exposure, for omnivorous mammals
based on abiotic and total exposures, and for soil invertebrate feeding mammals based on abiotic
exposure. Numerous COPCs were predicted to pose risk within both the MA and PIA when total
exposure was modeled for the herbivorous mammal and soil invertebrate feeding mammal communities.
For the herbivorous mammals, risk was driven by plant tissue. For the soil invertebrate feeding mammals,
risk was driven by the earthworm BAF.

Risk to the piscivorous mamma community was limited to possible risk from abiotic exposure to one
COPC (U) within the MA and from abiotic exposure to one COPC (Mn) at Middle Blue Creek. When
fish BAF vaues were gpplied to the models, a higher number of COPCs were predicted to impose risk
a the AOIs within the MA than the PIA.

- Model calculated risk to the avian communities based on conservative food chain exposure was
determined for insectivorous, omnivorous, soil invertebrate feeding, carnivorous, piscivorous, and
herbivorous birds. In comparison to the mammalian communities, the avian communities had fewer
COPCs that were predicted to pose risk within the MA and PIA. The greatest predicted risk to some
of the avian communities, particularly the omnivorous, the soil invertebrate feeding, and herbivorous
birds was determined within the MA. A higher number of COPCs was predicted to pose risk to these
avian communities within the MA than at AOIs within the PIA.

For the omnivorous and herbivorous birds, four COPCs were predicted to pose risk within the MA and
one COPC within the PIA. For both the soil invertebrate feeding birds and carnivorous birds, only Se
was predicted to pose risk from abiotic exposure within the MA while a higher number of COPCs was
predicted to pose risk from total exposure, driven either by the earthworm BAF values for the soil
invertebrate feeding birds or the small mamma BAF values for the carnivorous birds. For the
insectivorous avian community no risk was determined based on abictic exposure. When total exposure
was modeled for the insectivorous birds, five COPCs were predicted to be at risk within the MA and
the PIA. Risk to the piscivorous avian community was limited to possible risk from abiotic exposure to
U at Pit 3 and PCP within the MA.

- Risk to the soil microorganisms and terrestrial plant communities was greatest within the MA having
the highest number of COPCs present and the highest magnitude of HQs. Within the PIA, the East and
West Haul Roads had a higher number of COPCs than the Northeast PIA and the Southwest PIA for
both the ERA of the soil microorganisms and the terrestria plant communities.

- An evaluation of risk to Threatened and Endangered Species (T&E) was and/or can be largely
accomplished indirectly within this ERA. Although determination of “injury” to T&E species is not
within the jurisdiction of the U.S. EPA, it is recognized that T& E species are part of the environment
which is to be evaluated within a BERA. Subsequently, risk to present or potential T& E species can be
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9.4

indirectly accomplished or implied within the selections of the species models and input parameters for
assessment endpoints that would be appropriate to the T& E species. For example, in this ERA, the bald
eagle was used as a receptor for assessing risk to the piscivorous birds. Likewise, if wolves were to
move back into the project area, the coyote, which was one of the receptors used for carnivorous
mammal community, could be aligned with the wolf as a surrogate species for characterizing risk to
carnivorous mammals.

- Risk to terrestrial plant and anima populations associated with TIR were not found in the MA or the
PIA. There is uncertainty associated with the animal exposure screening, because one potentialy
significant contributor to exposure to some wildlife that was not included in this study was the minera
salt deposits found around the perimeter of water bodies in the MA.

- Risk to ruminants (e.g., deer, ek, sheep) may exist from dietary intake of sulfate (SO,-S) that could
cause copper deficiency due to the high levels of SO, in the surface waters of the aguatic systems,
particularly within the MA (See Section 7.3).

Riparian/Wetland Ecosystems

- The sx riparian/ wetland AOIls within the PIA pose risk to the amphibian, wetland plant and
invertebrate communities based on the high number of COPC present and their concentrations. The
drainages including Central, Upper Eastern, and Lower Eastern Drainages aong with Middle Blue Creek
tended to have ten or more COPCs present. Upper Blue Creek and Lower Blue Creek had the fewest
COPCs present.

- No natural riparian/wetland habitats exist within the MA.
- Risk to riparian anima populations associated with TIR were found only in the Central Drainage.
Summary of Conclusions

The lines of evidence for characterizing risk are primarily based on either comparing maximum exposure
levels with conservative BM values, or utilizing conservative model-calculated dietary exposures, or
screening for risk of TIR based on maximum and central tendency vadues of the radionuclides.
Additiona site-specific investigations would aid in further refining and potentialy lowering the estimated
risk to the assessment endpoints. However, these additional investigations would not be expected to alter
the final conclusions of this ERA in relation to the sources of the COPCs and the overal environmental
degradation at this site. Specificaly, these final conclusions entail:

» The MA presents a dominant impact to the ecosystems as a visbly disturbed area that provides limited
and poor quality habitat for wildlife. The MA presents an ecologica risk from chemical exposure to
wildlife. The lacustrine habitats within the MA are considered attractive nuisances to wildlife for
watering and consuming salt deposits around the perimeter of these artificial formations. The MA is aso
a source of contamination to the surrounding environment.
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» The East and West Haul Roads, constructed and paved with gravel and waste rock from the MA,
present a significant source of contamination within the PIA. Further dispersion of contaminants from
these haul roads to adjacent areas is anticipated.

e The Northeast PIA and Southwest PIA may pose risk to some wildlife, particularly for those
communities that would utilize or inhabit these areas 100% of the time. However, these areas are not
physically disturbed and do not appear chemically impacted by transport of COPCs from the MA.

 The drainages serve as primary conduits for the transport of COPCs from the MA to Blue Creek. The
in-place contamination of COPCs within the drainages pose risk to aguatic communities and wildlife. In
addition, the intermittent and/or low flow conditions aong with the poor water quality conditions (e.g.,
low pH, high sulfate, and high conductivity) further pose significant risk to aquatic life within the
drainages.

» The seep collection system and WTF serves to reduce the metals loading from the MA to the
drainages and Blue Creek. Higher loading of contaminants to these aquatic systems would occur in the
absence of seep collections and water treatment.

* Blue Creek below the confluence of the Eastern Drainage is at risk from the MA drainage. Both the
Middle and Lower Blue Creek reaches are influenced by water from the Eastern Drainage that
increases metals, hardness and sulfate concentrations, and conductivity. However, uncertainty on the
magnitude of the risk of the COPCs and the links to causative factors in water and sediment chemistry
are confounding. Although the COPC leves done would indicate the potential of exposure and risk
exists, additional monitoring would be recommended to determine the need for active remediation in
Blue Creek.
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10.1

RISK MANAGEMENT CONSIDERATIONS

This section initiates risk management. Risk management is Step 8 of the Ecological Risk Assessment
guidance for the Superfund (USEPA 1997). It serves to integrate the baseline ecological risk
assessment (BERA) results with information that supports risk management decisions. This section
identifies contaminantsin surface water, soil, and sediments which contribute the most risk (risk drivers),
discusses their distribution in the study area, and develops concentrations for these contaminants that
would provide ecological protection. Human health and ecologica risk drivers, also caled contaminants
of concern (COCs), are generally the focus of remedy selection. This section does not ater the basis
or conclusions of the BERA.

The BERA was conducted using conservative inputs, as stated in the uncertainty section (Section 7.0)
and the summary of results (Section 8.0). Risk was characterized based on chronic benchmarks or
toxicity reference vdues (TRV) and conservative exposure estimates for each assessment endpoint.
This approach was taken to assure that ecological risk would not be underestimated. EPA takes this
approach to support the selection of remedies which protect human heath and the environment.
However, following assessment of risks, EPA considers the confidence in the inputs and the risk
conclusions, as well as the severity of therisks at the site. In this way, protective and cost effective site
decisions can be made. To support this, risk managers need to know which contaminants may pose
ecological risk; which pose the greatest risk to the assessment endpoints; where and in what media the
risks are highest; and how reduction of risks can be achieved most effectively.

Overal Approach

To focus on risk drivers, EPA adjusted the inputs to the hazard quotients (HQs) developed for the
BERA to produce a less sensitive assessment of risks. If the resulting adjusted hazard quotient (AHQ)
for a contaminant is greater than 1, the contaminant is identified as a probable risk driver. EPA has
greater confidence in the risks posed by these contaminants and can focus risk management decisions
on these risk drivers. Contaminants with AHQs less than 1 were not considered risk drivers but are
recognized as contributing to the total risk.

As with HQs in the BERA, the AHQs calculated for identification of risk drivers used either
environmental media-based (EMB) benchmarks or dietary exposure models. For assessment endpoints
where hazard quotients are based on direct comparison of site concentrations to toxicity benchmarks
in soil, sediments, or water, the benchmarks used in the BERA (NOAELS) were increased by a factor
of 10. For assessment endpoints where the BERA used models to address dietary exposures, the
chronic toxicity benchmark (LOAEL) was aso increased by afactor of 10.

Once risk drivers are identified, protective concentrations in environmental media are derived to provide
“risk-based” preliminary remediation goas (PRGs). These risk-based PRGs were derived using either
the EMB benchmarks or the representative exposure estimates for the assessment endpoints based on
dietary exposures used in the BERA.
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The risk-based PRGs were then compared to ecologica derived Applicable or Relevant and Appropriate
Requirements (ARARS) and to background conditions. In some cases, the risk-based PRGs are lower
than ARARs, because the risk-based PRGs are based on conservative assumptions with uncertainties.
In such cases, EPA often relies on the ARAR as the PRG. If the ARAR-based PRG is below
background, then the PRG should default to background.

10.1.1 Adjusted HQs for Environmental Media-Based Benchmarks

In the BERA, risk for eight of the assessment endpoints was characterized using chronic
NOAEL media-based benchmarks. The chronic NOAEL benchmarks for these assessment
endpoints are literature-based values for environmental media exposures, and are levels in soil,
sediments, or water for which no adverse effects are expected for those assessment endpoints.
The assessment endpoints evaluated this way were the viability and function of the following
communities:

#1: periphyton community

#2: benthic macroinvertebrates
#3: fish

#4: terrestrial soil invertebrates
#5: terrestrial plants

#17. amphibians

#18: wetland plants

#19: wetland invertebrates

To identify risk drivers for these endpoints, a scaling factor of 10 was applied to the chronic
NOAEL benchmark values, and central tendency (CT) media concentrations were used to
calculate an AHQ. This approach is consistent with several publications that have reviewed
the application of factors for converting toxicity values, as discussed in Section 7.3 of the
BERA.

The AHQ is expressed as follows:

AHQ = Central Tendency Exposure Concentration
Chronic NOAEL X 10

10.1.2 Adjusted HQs for Dietary Exposures

Risk for the remaining eleven assessment endpoints was characterized in the BERA based on
dietary exposure models and the LOAEL. The endpoints assessed in this way are the viahility
and function of the following communities:

#6: herbivorous mammals
#T: carnivorous mammals
#3: omnivorous mammals
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10.1.3

#9: piscivorous mammals

#10:  soil invertebrate feeding mammals
#11.  insectivorous birds

#12: omnivorous birds

#13.  soil invertebrate feeding birds
#14: carnivorous birds

#15.  piscivorous birds.

#16: herbivorous birds

To identify risk drivers for these assessment endpoints, a conversion factor of 10 was applied
to the chronic LOAEL used in the BERA, and central tendency (CT) media concentrations
were used to calculate an AHQ. Applying a factor of 10 to the LOAEL converts the LOAEL
to a threshold above which acute effects or lethality are predicted to occur. Justification for
the conversion factor of 10 may be found in Section 7.3 of the BERA.

Development of Preliminary Remediation Goals

Once risk drivers are identified based on AHQs, PRGs are then derived for surface water,
sediment, and soil. The PRGs are ether risk-based that would derive protective concentrations
of environmental media, or ARAR- based, or background.

The risk-based PRGs for soils and sediments were derived for the most sensitive endpoint or
receptor for either those assessment endpoints for which risk was based on EMB benchmarks
or for those assessment endpoints for which risk was derived from dietary exposures. For the
dietary exposures, Model 4 was used to back-calculate to the sediment or soil concentrations
with a target HQ of 1. Model 4 estimates exposure based on representative life history
parameters and central tendency media concentrations and is described in detail in Section 4.3
of the BERA. If the risk-based PRG was below the ARAR as a result of the conservative
assumptions and uncertainties associated with the BERA, then the ARAR is utilized as the
PRG. If the ARAR-based PRG is below background, then the PRG should default to
background. The use of background presents an acceptable means of identifying PRGs (EPA
2002). In addition, Cd and U risks to wildlife are additive, as acknowledged within the BERA
and should also be a consideration in the development of PRGs.

Surface water PRGs are based on ether ARAR values, or chronic benchmark values, or
background.

Risk Driver Identification

In this section, potential risk drivers are first identified for groups of assessment endpoints, then reviewed

10.2.1

and refined to develop afinal list of risk drivers by media (water, sediment and soil).

Assessment Endpoints 1, 2, and 3 - Aquatic Ecosystems
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Assessment Endpoints 1, 2, and 3 (periphyton, benthic macroinvertebrates, and fish) were used
to characterize risk to aguatic ecosystems in the MA and PIA. BERA risk characterization for
aguatic ecosystems was based exclusively on conservative screening-level chronic benchmark
values and maximum concentrations of metalsin surface water and sediments. To identify risk
drivers, AHQs were calculated based on adjusted EMB benchmarks and both maximum and
central tendency values. Tables 42 and 43 show the BERA HQs and the AHQs for total and
dissolved metals in surface water, respectively, while Tables 44 and 45 summarize the HQs and
AHQs for grab and composite sediments, respectively.

10.2.1.1 Surface Water Risk Drivers

For total metals in surface water, the AHQs exceeded 1 based on CT concentrations
for at least one area of interest (Table 42) for 12 metals. Silver, Al, Ba, Be, Cd, Co,
Cu, Pb, Mn, Ni, U, and Zn are carried forward as potentia risk drivers for surface
water. Dissolved metals (Table 43) provides similar results as total metals.

10.2.1.2 Sediment Risk Drivers

Tables 44 and 45 show AHQs for aguatic biota for metals (grab sediments and
composite samples, respectively). Six metals exceeded the AHQ of 1 for the CT
exposure estimates for sediments. Be, Cu, Mn, Ni, Se, and U. No sediment benchmark
for V was available to characterize risk, and V was not carried forward as a risk
driver.

AHQs for Be, Cu, and Ni only exceed 1 in MA sediments. Manganese and Se AHQs
only exceed 1 in PIA sediments. Uranium meets risk driver criteria in both the MA and
PIA. All sx were retained as risk drivers in sediments for assessment endpoints 1, 2
and 3 (periphyton, benthic macroinvertebrates, and fish).

10.2.2 Assessment Endpoints 4 through 16 - Terrestrial Ecosystems

The BERA evaluated risk to terrestrial ecosystems in the MA and PIA using assessment
endpoints 4 through 16. For assessment endpoints 4 and 5 (soil microorganisms and plant
communities), the HQs are media based. For the mammalian and avian receptors in assessment
endpoints 6 through 16, the HQs are based on exposure models. The BERA used four exposure
models (See Figures 50 to 54) for each avian and/or mammalian receptor species to estimate
exposure between media exposure (i.e., surface water, sediments, or soils) and total exposure
(i.e., media exposure plus dietary component). Model 4 was used to determine the risk drivers
for these assessment endpoints.

10.2.2.1 Assessment Endpoints 4 and 5 - Soil Community and Terrestrial Plants: Soil Risk
Drivers
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Risk to the terrestrial soil (endpoint 4) and plant communities (endpoint 5) was based
on maximum surface and subsurface soil concentrations of metals compared to media
benchmarks.

Tables 46 and 47 show soil community AHQs in surface and subsurface soils,
respectively, using both the maximum and CT concentrations. For all areas, only
Chromium, U, and V AHQs exceeded 1 based on central tendency exposures.

Tables 48 and 49 show the AHQs for terrestrial plants in soils. Only Cr, U, and V had
AHQs exceeding 1 based on central tendency exposures.

Because the uranium and vanadium benchmarks are the same for soil communities and
terrestrial plants, the AHQs are the same. The plant community is slightly more
sensitive to chromium, however, resulting in higher Cr AHQs. Chromium, U, and V
are carried forward as potential risk driversin soil for these endpoints.

10.2.2.2 Assessment Endpoints 6, 7, 8 and 10 Terrestrial Ecosystem Mammals: Soil Risk

Drivers

The BERA evauated assessment endpoints 6, 7, 8 and 10 using dietary exposure
models. Tables T-1, T-3, T-5, T-7, T-9, and T-11 (Appendix T) present the HQs and
AHQs.

For the mammalian assessment endpoints 6,7,8 and 10, Table 50 identifies the
contaminants that exceed an HQ or AHQ of 1 for each assessment endpoint using the
four food chain models from the BERA. Based on AHQs using model 4, the potential
risk drivers in soils are U for herbivorous mammals, and Cd, Pb and Se for soil
invertebrate feeding mammals.

10.2.2.3 Soil Risk Drivers in Terrestrial Ecosystems for Birds. Assessment Endpoints 11, 12,
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13, 14 and 16

The BERA used dietary exposure models to assess risk to five avian endpoints in the
terrestrial ecosystem (insectivorous, omnivorous, soil invertebrate-eating, carnivorous,
and herbivorous birds). TablesT-2, T-4, T-6, T-8, T-10 and T-12 (Appendix T) present
the HQs and AHQs for each.

For the avian assessment endpoints 11, 12, 13, 14 and 16 , Table 51 identifies the
contaminants that exceeded an HQ or AHQ of 1. Based on AHQs using mode! 4, lead
exceeded the AHQ of 1 for assessment endpoint 13, the soil invertebrate-feeding bird
community. Lead is therefore carried forward as a potential soil risk driver for this
assessment endpoint.
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10.2.2.4 Sediment Risk Drivers in Aquatic Ecosystems for Mammals and Birds: Assessment

Endpoints 6,8,9,12,13, and 15

The BERA used dietary sediment exposures to assess risk to two mammalian and three
avian endpoints in the aquatic ecosystem. Tables T-13 to T-25 (Appendix T) present
the HQs and AHQs for these endpoints.

Tables 52 and 53 summarize these tables by identifying the metals that exceeded an
HQ or AHQ of 1. Based on AHQs using model 4, U is a risk driver in sediment for
the herbivorous and piscivorous mammal communities. Manganese also had AHQ
values greater than 1 for herbivorous mammals (Table 53). The herbivorous mammal
community is the more sensitive of the two endpoints for Mn.

Uranium and Mn are carried forward as potential sediment risk drivers based on
herbivorous and piscivorous mammals (endpoints 6 and 9).

10.2.2.5 Riparian Sediment Risk Drivers for Mammals and Birds. Assessment Endpoints 6

and 13

The BERA evduated risks from riparian sediment exposures for two assessment
endpoints: herbivorous mammals and soil invertebrate feeding birds. Tables T-26 to T-
31 (Appendix T) present the HQs and AHQs. Table 54 summarizes the results of these
tables by identifying contaminants with HQs and AHQs greater than 1 for the four food
chain models. No contaminants had AHQs greater than 1 using model 4.

10.2.3 Surface Water and Sediment Risk Drivers for Amphibians. Assessment Endpoint 17

10.2.3.1 Surface Water Risk Drivers

Table 55 shows the BERA HQs and the AHQs in surface water for the amphibian
assessment endpoint using maximum and CT concentrations. Aluminum, Cu, and Zn
exceeded the AHQ of 1 using CT concentrations in one or more areas, athough none
were greater than 1 in Blue Creek. These three metals are carried forward as potential
risk driversin surface water for this assessment endpoint.

10.2.3.2 Sediment Risk Drivers

Table 56 shows the AHQs based on maximum and central tendency concentrations for
Cd and Zn. These were the only metals to exceed the BERA HQ of 1. Neither
maximum nor central tendency concentrations resulted in AHQs greater than 1 for the
amphibian assessment endpoint. For this assessment endpoint, no potential sediment
risk drivers are identified.

10.2.4 Sediment Risk Drivers for Wetland Plants: Assessment Endpoint 18
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10.3

10.2.5

The BERA assessed risk to the wetland plant assessment endpoint based on maximum
concentrations of metals in stream sediments relative to media based benchmarks (See Table
3).

Table 57 shows the BERA HQs and AHQs. Across all areas, Cr, Mn, U, and V exceeded the
AHQ of 1 in at least one area, dthough for Blue Creek manganese only has an AHQ of 1.
These four metals are being carried forward as potential sediment risk drivers for the wetland
plant community.

Sediment Risk Drivers for Wetland Invertebrates. Assessment Endpoint 19

The BERA assessed risk to the wetland invertebrate community based on maximum
concentrations of metals in stream sediments relative to media-based benchmarks.

Table 58 shows the BERA HQs and AHQs calculated for both maximum and CT sediment
exposures. Uranium and Se exceeded the AHQ of 1 for central tendency exposures in at least
one area.  They are being carried forward as potential sediment risk drivers for wetland
invertebrates.

Summary: Risk Driver Identification

As stated in Section 10.1, risk drivers are being defined as metals which have an AHQ greater than 1
for at least one assessment endpoint. Risk drivers are grouped by media based on the AHQs for
individual assessment endpoints.

10.3.1

10.3.2

Surface Water Risk Drivers

The AHQs for assessment endpoints 1, 2, and 3 (periphyton, benthic macroinvertebrate, and
fish) indicate twelve potential ecological risk drivers in surface water: Al, Ba, Be, Cd, Co, Cu,
Pb, Mn, Ni, Ag, U, and Zn. Beryllium and Pb had AHQs greater than 1 only in MA surface
water. In addition, Al, Cu, and Zn are surface water risk drivers for amphibians (assessment
endpoint 17) only.

Sediment Risk Drivers

Eight metals are carried forward as potential sediment risk drivers: Be, Cr, Cu, Mn, Ni, Se, U
and V. Six (Be, Cu, Mn, Ni, Se, and U) are risk drivers based on periphyton, benthic
macroinvertebrates, and fish (endpoints 1, 2, and 3). Manganese is also a risk driver for
herbivorous mammals and wetland plants (endpoints 6 and 18). Selenium is also arisk driver for
wetland invertebrates (endpoint 19). Chromium is a potential risk driver to wetland plants only
(endpoint 18).

Vanadium is carried forward as a risk driver in sediments, as there is no means of concluding
it does not pose a risk since sediment toxicity benchmarks are not available.
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10.4

Uranium is arisk driver for numerous communities. periphyton, benthic macroinvertebrate, fish,
herbivorous mammals, piscivorous mammals, wetland plants and wetland invertebrates
(endpoints 1, 2, 3, 6, 9, 18 and 19). The piscivorous mammal community is the most sensitive
endpoint. For this reason, it will be used to develop a candidate PRG for uranium in sediments
based on model 4.

10.3.3 Soil Risk Drivers

Six metals are carried forward as risk drivers in soils: Cd, Cr, Pb, Se, U, and V. Chromium and
V are risk drivers based on terrestrial plants. Selenium is a risk driver based on soil
invertebrate-feeding mammals. Cadmium is a risk driver based on herbivorous mammals and
s0il invertebrate-eating mammals. Lead is a risk driver based on soil invertebrate feeding
mammals and birds; and U isarisk driver based on terrestrial plans and herbivorous mammals.

Preliminary Remediation Goals

As described above, AHQs were used to reduce the sensitivity of the risk assessment for the purpose
of identifying contaminants posing the greatest risk. For these contaminants, PRGs that are considered
ecologically protective are then developed for potential use as cleanup objectives.

For surface water, PRGs are based on either ecological derived Applicable or Relevant and Appropriate
Requirements (ARARS) values, or risk based chronic benchmarks (BM), or background. The ARAR-
based PRGs are the surface water quaity standards established by the Spokane Tribe of Indians (STI)
or EPA recommended water quality criteria, depending upon the element (Tables 2 and 5). The risk-
based PRGs are defined by chronic benchmark values used in the ERA (Section 2.3.2.1.3).

For soil and sediment risk drivers, PRGs are recommended based either being risk-based that would
derive protective concentrations of environmental media based on the most sensitive assessment
endpoint within the BERA, or ARAR-based, or background.

Table 60 presents the recommended PRGs and also provides background values calculated for the
Remedial Investigation / Feasibility Study (RI/FS) (URS 2002, 2003).

10.4.1 Surface Water PRGs

Of the twelve ecologica risk drivers in surface water, four have ARAR-based PRGs: Cu, Pb,
Ni, and Zn that were used in the BERA (Tables 2 and 5). The recommended PRGs for three
metas - Be Co, and Mn - are based on the chronic benchmark values used in the BERA
(Tables 2 and 5). Given that the ARAR and/or the chronic benchmark values were below
background for Al, Ba, Cd, Ag, and U, the PRGs for these metals should be background.

All 12 surface water risk drivers had AHQs greater than 1 in the MA. Eight of the metals (Cd,
Co, Cu, Mn, Ni, Ag, U, and Zn) had AHQs greater than 1 in some PIA drainages, but not in
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Blue Creek. Two metals (Pb and Be) were identified as risk drivers only in the MA. Barium
and Al were the only metals with AHQs greater than 1 in Blue Creek.

The AHQs for most of the surface water risk drivers were higher in the MA than the PIA
drainages. For uranium, the AHQs are two orders of magnitude higher in the MA than in the
PIA drainages. Many of the risk drivers in the PIA drainages tend to have AHQs that range
between 1 and 2, with few AHQs greater than 10. This suggests that any remedial action that
would significantly reduce the release of metals from the MA to surface water could be
expected to have a substantial effect on achieving surface water PRGs in the downstream
areas (e.g., PIA drainages and Blue Creek).

10.4.2 Sediment PRGs

Eight metals were identified as potential sediment risk drivers. These metals are Be, Cr, Cu, Ni,
Mn, Se, U, and V. The development of sediment PRGs for Be, Cu, and Ni are not being
recommended based on the reasons cited below.

Beryllium, Cu, and Ni were identified as sediment risk drivers only in the Pollution Control Pond
(PCP) for assessment endpoints 1, 2, and 3. In addition, the AHQs for these three metals based
on CT exposures within the PCP were low, ranging between 1 and 2. While it is possible that
aguatic organisms such as benthic invertebrates or fish could be in the PCP, it should be
recognized that the PCP does not currently provide natural aquatic habitat or habitat with the
functional characteristics of the assessment endpoints being evaluated. Additionally, a future
use scenario of the PCP being a functioning aquatic habitat is improbable. Also, the risk
characterization for these three assessment endpoints is based upon the low sediment quality
guidelines (SQG) (Table 4). The low SQG benchmarks represent a level that is not expected
to cause an adverse effect. Given the minor, low-level exceedance of this no-effect benchmark,
substantive risk reduction would not be expected from a focus on these contaminants.

In summary, sediment PRGs are proposed for Cr, Mn, U, Se, and V. Chromium and V were
identified as risk drivers in sediments for assessment endpoint 18 (wetland plants). Manganese
drove the risk for assessment endpoints 6 and 18 (herbivorous mammals and wetland plants).
Selenium was a risk driver for assessment endpoints 1, 2, 3, and 19 (periphyton, benthic, fish,
and wetland invertebrates). Uranium was a risk driver for assessment endpoints 1, 2, 3, 9, 18
and 19 (periphyton, benthic, fish, piscivorous mammals, wetland plants, wetland invertebrates).

10.4.2.1 Sediment PRGs for Chromium and Vanadium

Risk to wetland plants (endpoint 18) was based on literature benchmark LOAELSs for
terrestrial plants, as no aquatic plant values were found ( Section 4.3.9). The AHQs for
both metds ranged between one and two and tended to be evenly distributed between
AOQIs (Table 57). A review of the sediment data (Appendix E) show that few sediment
samples, regardless of sampling location, are at or below the BM values of 1.0 mg/kg
dry weight (dw) for Cr and 2.0 mg/kg (dw) for V. Given that sediments that are not
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affected by the mine have concentrations above the benchmarks and that the BM
values are screening benchmarks, these BM values are not considered suitable PRGs
for these elements.

An dternative PRG recommended for Cr is the Triba ARAR for sediments of 43.4
mg/kg dw (Table 60).

For V, a sediment toxicity benchmark was not available to assess risk within the
BERA. Given the lack of a suitable BM for V, PRG for V should be based upon
background (Table 60).

10.4.2.2 Sediment PRG for Manganese

The herbivorous mammal community (endpoint 6) was the most sensitive endpoint for
Mn in sediments (Table 54). When back calculations are applied to the dietary model
for this assessment endpoint to hypothetically reduce the Mn concentrations to a
LOAEL-based HQ of 1.0 and a NOAEL-based HQ of 1.0, sediment concentrations
of 140 mg/kg dw for the LOAEL-based HQ and 40 mg/kg dw for the NOAEL -based
HQ were yielded (Table 59).

Sediment concentrations of 140 mg/kg dw may not be necessary for ecological
protection. There is considerable uncertainty with respect to the available toxicity
reference vaue (TRV) for mammalian receptors. The mammalian TRV for
manganese was developed from a single study, with the effect level related to Fe
exposure, as the effect appears to be a competitive interference with Fe metabolism.
There s, therefore, a low degree of confidence in the risk estimates based upon the
mammalian TRV.

In addition, sediments in the MA, PIA, and background areas contain levels of
manganese well above 140 mg/kg dw aong with considerable variability in the
distribution of Mn in al areas (Appendix E, Tables E-1 to E-28). Therefore, a
background-based PRG (Table 60) is recommended for the MA and mine drainage
areas. Further, due to the uncertainty in the risk estimates, active remediation of any
sediment area based solely upon one element, such as Mn, may not be warranted.

10.4.2.3 Sediment PRG for Selenium
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Selenium was identified as a sediment risk driver for areas in the PIA only and not in
the MA for endpoints 1, 2, 3, and 19. However, it is noted that Se concentrations were
below analytical detection limits in the MA, and thus it is uncertain that the MA has
Se concentrations greater than any other area. In the PIA most of the selenium
concentrations were also below andytical detection limits. However, one of the
drainages, the Lower Eastern Drainage, presented some elevated concentrations
(Appendix E, Table E-23).
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In addition, the chronic benchmark was based on a conservative SQG value used in
the BERA (0.1 mg/kg dw), resulting in a conservative estimation of risk. Given that
selenium was mostly below analytical detection limits in the MA and PIA with the
exception of a few elevated samples and given that the conservative benchmark is
below background , a background-based PRG for Se is recommended.

10.4.2.4 Sediment PRG for Uranium

The AHQs for periphyton, benthic macroinvertebrates, and fish (endpoints 1, 2, and
3) identified U in sediments as the ecological risk driver based upon literaure based
benchmarks. A sediment concentration of 1,700 mg/kg U yields an AHQ of 1. A
concentration of 170 mg/kg corresponds to an HQ of 1 using the chronic LOAEL, and
17 mg/kg corresponds to an HQ of 1 using the chronic NOAEL.

Using model 4 for herbivorous mammals (endpoint 6), an AHQ of 1 corresponds to
a U concentration in sediments of 240 mg/kg dw, and the back calculations for the
chronic LOAEL and NOAEL with the HQ of one corresponds to uranium
concentrations in sediments of 24 mg/kg and 2.4 mg/kg, respectively (Table 59). For
the herbivorous mammal exposure modeling, dietary exposures were based on
maximum site data of plant tissue and the assumption that 100% of the diet is from the
contaminated food source in a single AOI. Although the exposure modeling based on
these assumptions is likely to overestimate risk to herbivorous mammals, the 24 mg/kg
dw is recommended as a risk-based PRG for U in sediment.

Th risk-based PRG of 24 mg/kg dw would be protective of aquatic endpoints (i.e.,
endpoints 1, 2, 3, and 18). The difference between the risk-based PRG of 17 mg/kg
dw derived from the chronic NOAEL value for endpoints 1, 2, and 3 and the risk-
based PRG of 24 mg/kg dw is within the confidence limit of toxicity estimates.
Assessment endpoint 18 (wetland plants) has a screening Bm of 5 mg/kg dw;
however, there is a low degree of confidence that this value is an accurate risk
threshold.

In summary, the sediment PRG for U should be either the risk-based value of 24
mg/kg dw or an appropriate background value. The use of background presents
acceptable means of identifying PRGs (EPA 2002a); however, there should also be
a consideration related to the soil PRG for U, since there is an interplay between the
two media with sediment being deposited within the floodplain and soil being eroded
into the surface water system. Given the mobility of sediments, the focus should be on
controlling sources of sediment from the source areas.

10.4.3 Soil PRGs
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Sx metds are carried forward as risk drivers in soils. Cd, Cr, Pb, Se, U, and V. The
development of soil PRGs for Cr, Se, and V are not being recommended for reasons cited
below.

Chromium and V were identified as risk drivers based on assessment endpoint 5 (terrestrial
plants); however, the only available toxicity benchmarks are screening level values. The
AHQs of these metas are vaiable in the MA, the haul roads, and the Northeast and
Southwest Downwind Areas but range between one and two in al areas. (Tables 48 and 49).
While minor reductions in risk from these metals may result from soil cleanup based on other
risk drivers, substantive risk reduction would not be anticipated from soil remedial action based
only on clean-up goas for Cr or V. Consegquently, no soil PRGs are proposed for either Cr or
V. (Note: The CT concentration for Cr in the MA is 16.5 mg/kg dw compared to 9.6 mg/kg
dw in the background. The CT concentrations for V in the MA is 28.2 mg/kg dw compared
to 24.2 mg/kg dw [Appendix G]).

Selenium was identified as soil risk driver based on soil invertebrate-feeding mammals
(endpoint 10) only in the MA, using Model 4 (Table 50). The modeling relied on conservative
bioaccumulation factors (BAF) for earthworm tissue concentrations, and as aresult the model
may overestimate the risk to the soil invertebrate-feeding mammal community. (See Section
4.3.5). In addition, a review of soil concentrations of Se (Appendix G) suggests that while
there is elevated Se within the MA compared to the PIA, a remedy based upon Se in soil
would result in limited risk reduction. Subsequently, no soil PRG is recommended for Se.

Recommended soil PRGs are provided for Cd, Ph, and U. Cadmium is identified as a soil risk
driver for herbivorous mammals and soil invertebrate-feeding mammals (endpoints 6 and 10);
Pb for soil invertebrate feeding mammals and birds (endpoints 10 and 13); and U for terrestrial
plants and herbivorous mammals (assessment endpoints 5 and 6). Cadmium and U risks to
wildlife are additive, as acknowledged within the BERA and aso within the development of
the PRGs.

The development of risk-based soil PRGs for terrestrial plants, herbivorous mammals, and soil
invertebrate-feeding mammals and birds (endpoints 5, 6, 10, and 13) using BERA values does
not provide appropriate PRG values for Cd, Pb, and U. The dietary models used conservative
BAF values to estimate exposure, resulting in HQs that likely overestimate the risk for these
metals. Soil PRGs calculated from the BERA models are below background levels of Cd, Pb,
and U. The PRG for U based on assessment endpoint 5 (terrestrial plants) would be 5 mg/kg
dw, a benchmark vaue used for screening. Many soil samples in areas unaffected by the mine
contain U concentrations above this value.

Therefore, background is recommended for soil PRGs for Cd, Pb, and U. Table 61 provides
a summary of the soil data from Appendix G for these metas. Cadmium and lead
concentrations presented low variability between CT and maximum concentrations for al areas
including the background. For cadmium and Pb, a soil PRG based on background is anticipated
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to focus remediation on the MA. Cadmium is being carried forward as a PRG primarily because
of the risks to wildlife based on potential additive effects with U.

For uranium, the two areas downwind of the MA (NE and SW PIA) had the lowest variahility
and the lowest maximum values for uranium in soils (Table 61). A high degree of natura
variability of U for the background is suggested by the difference between the CT and
maximum values. A soil PRG for uranium based on background is anticipated to focus
remediation on the MA and other areas that contain mine waste material. Given the high degree
of natural varigbility of uranium, a datigticaly based upper boundary of the uranium PRG is
recommended.

Risk Management Conclusions

The implementation of the adjusted hazard quotients (AHQ) within this risk management section aided
in focusing the list of COPCs to those metals which are concluded to be risk drivers based on a high
confidence that substantiative ecological risk could exist and for which PRGs should be developed. The
PRGs developed on this short list of risk drivers are either risk-based derived from the back calculation
to an HQ of one of the most sensitive assessment endpoint to provide a protective media concentration;
and/or deferring to Site functional benchmark values (i.e., ARAR-based or chronic benchmarks); and/or
background; and risk reduction through source control. Table 60 provides the recommended PRGs.

For surface water, twelve metals -Al, Ba, Be, Cd, Co, Cu, Pb, Mn, Ni, Ag, U, and Zn - were identified
as surface water risk drivers. Surface water PRGs for these metds are assumed to be based on
ARARSs, or chronic benchmark values, or background (Table 60).

For sediments, eight risk drivers were identified: Be, Cr, Cu, Mn, Ni, Se, U, and V. Sediment PRGs were
not recommended for Be, Cu, and Ni, since no substantive risk reduction would be expected to be
accomplished.

Sediment PRGs for Cr, Mn, Se, U, and V are recommended. For Cr the recommended PRG is the
Triba sediment criterion of 43.4 mg/kg dw. For Mn, background is the recommended PRG. It is
recommended that Mn related risk from sediments be addressed through a combination of the use of
a background value for the PRG in areas where mine related loading of Mn to the surface water system
is occurring. In “receiving areas’ (Blue Creek) natural recovery monitoring is suggested as a means of
either obtaining the PRG in the future and/or generating the data which allows for an evaluation of the
need for additional action. For Se and V background is the recommended PRG. For U, the PRG
recommendation is either the risk-based PRG of 24 mg/kg dw or a background vaue if background is
higher.

For soils, six risk drivers were identified: Cd, Cr, Pb, Se, U, and V. Soil PRGs were not recommended
for Cr, V, and Se, since no substantive risk reduction would be expected to be accomplished.

Soil PRGs for Cd, Pb, and U are recommended. Background soil concentrations for Cd and Pb are
recommended as the PRG for these two elements. Cadmium is being carried forward as a PRG
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primarily because of the risks to wildlife based on potential additive effects with U. For U, a satisticaly
based background value is the recommended PRG. Both the sediment and soil PRG for U need to be
selected with consideration of the other because of the potentia for redistribution of U both into and out
of the surface water system. If a numerical PRG becomes necessary in a remedy selection based on
background, then it is recommended to use background for the area of interest.

Overall, in consideration of risks, background levels, and site contaminant distribution, the conclusion for
risk management suggests that active remediation be directed at the MA sources and areas near the
mine which contain substantial amounts of mine waste material. 1n Blue Creek down-gradient of the
mine drainages, there is a limited degree of confidence in the risk estimates. In addition the causal link
between chemical stressors and effects is not clearly demonstrated by the stream community evaluation
(Appendix O). Given the uncertainties in the down-gradient areas, active remediation of Blue Creek
sediments is not recommended at this time. Additional ecologica evaluation should be performed after
source areas are remediated. The uncertainties and assumptions inherent in this risk assessment can be
resolved in conjunction with futuremonitoring following the remedial actions at this site. This monitoring
should be structured to trigger any future actions needed.
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Table 1. Ecological Exposure Pathways®
Midnite Mine Site
Wéllpinit, WA

Terrestrial Receptors

Soil Organisms Wildlife (terrestrial/riparian ecosystem consumers)
Mammals Birds
Herbivore | Herbivore [ Invertivore | Omnivore | Carnivore| Carnivore | Herbivore | Herbivore | Invertivore [ Omnivore Carnivore Carnivore
Exposure Exposure Meadow | White-Tailed Masked Deer Spruce Song Cliff American | Great Horned | American
Media Routes Plants>? | M icroorganisms | Invertebrates Vole Deer Shrew Mouse Coyote Bobcat Grouse Sparrow | Swallow Robin Owl Kestrel
S Pit R._adl ation - - - 2 2 2 2 2 2 2 2 2 2 2 2
Direct Contact - - - - - - - - - - - - - - -
Surface Water | ngestl on - - - * * * * * * * * * * * *
S Pit R._sdl ation - - - - - - - - - - - - - - -
. Direct Contact - - - - - - - - - - - - - - -
Sediment .
Ingestion - - - - - - - - - - - - - - -
Radiation 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Surface )
L c Direct Contact * * * o] o o] o o] o] o o o o o] o
M atal a I ngegl On - - - * * * * * * * * * * * *
Pit Wall R._sdl ation X X X X X X X X X X X X X X X
. Direct Contact o] o o] - - - - - - - - - - - -
Material .
Ingestion - - - - - - - - - - - - - - -
Radiation 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Haul Road Direct Contact * * * - - - - - - - - - - - -
|ng§| on - - - * * * * * * * * * * * *
Aquatic Receptors Terrestrial/Riparian Receptors
Wildlife (terrestrial/riparian ecosystem consumers)
Amphibian Mammals Birds
Invertivore| Herbivore [ Omnivore | Piscivore | Herbivore| Invertivore| Piscivore | Piscivore
Exposure Exposure Wilson's | Great Blue
Media Routes Plants’ Invertebrates Fish Muskrat Racoon Mink Mallard Shipe Heron | Bald Eagle
S Pit R._adl ation 1 3 3 2 2 2 2 2 2 2 2
Surface Water Direct Contact * * * * o [o] o [o] [o] [o] o
Ingestion - 0 0 0 * * * * * * *
S Pit R._sdl ation 1 3 3 2 2 2 2 2 2 2 2
Sediment Direct Contact o * o o] o o] o o] o] o] o
Ingestion - o] o o] * * * * * * *
Radiation - - - 2 2 2 2 2 2 2 2
Surface )
Material® Direct Contact - - - o] X X X X X X o
Ingestion - - - 0 X X X X X X 0
Radiation - - - 2 - - - - - - -
Haul Road Direct Contact - - - - - - - - - - -
Ingestion - - - - - - - - - - -

Radiation = Evaluated using the DOE's A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota USDOE (U.S. Department of Energy) 2002. A Graded Approach for Evaluating
Radiation Doses to Aquatic, Riparian, and Terrestrial Biota. DOE-STD-1153-2002. July. (described in Section 2.3.2.3) See Footnotes 1, 2, and 3.
Direct Contact = Uptake by plants, invertebrates, fish, and amphibians through direct contact with soil, water, or sediment.
Ingestion = Direct ingestion of food and water and incidental ingestion of soil/sediment.
- = Pathway incomplete or not applicable; quantitative evaluation not performed
* = Pathway potentially complete and selected for quantitative evaluation.

o = Pathway potentially complete but not selected for quantitative evaluation as data or methods are lacking.
x = Pathway relatively unimportant for risk management decisions.

a- Tables adapted/modified from URS (URS Corporation) 2001b. Terrestrial Ecological Risk Assessment Approach for Midnit Mine RI/FS. Draft Technica Memorandum prepared for USEPA Region 10. October

b - Terrestrial Plants includes riparian plants or upland plants depending on habitat/location.
¢ - For the purpose of this exposure table, Surface Material includes surface material in the Mined Area (waste ore/protore stockpiles/backfilled pits), soils downwind in the Potentially Impacted Area (PIA), and riparian sediments.
d - For the purpose of this exposure table, Surface Material includes surface material in the Mined Area (waste ore/protore stockpiles/backfilled pits), and soils downwind in the Potentially Impacted Area (PIA).
1 - Radiation exposure compared with 1 rad/day for plants.
2 - Radiation exposure compared with 0.1 rad/day for terrestrial animals.

3- &?9138%%88&{@ compared with 1 rad/day for aquatic and riparian animals.




Table 2: Benchmark Values for Sail, Sediment, and Surface Water
Midnite Mine Site

Wellpinit, WA
Analyte Sail? (mg/kg) DW Sediment® (mg/kg) DW Surface Water® (ug/L)
Aluminum 50 9,400 87
Antimony 5 0.49 30
Arsenic 10 9.79 150
Barium 500 500 3.9
Beryllium 10 0.7 0.53
Cadmium 3 0.99 0.12°
Calcium nb nb na
Chromium 0.4 434 nb
Chromium I11 nb nb 20°
Chromium VI nb nb 10
Cobalt 20 20 3
Copper 50 3L6 3.2°
Iron 200 10,000 1,000
Lead 50 35.8 0.7°
[Magnesium nb 6,100 82,000
[IManganese 100 736 80
[IMercury 0.1 0.18 0.77
[IMercury nb nb 0.012
[IMolybdenum 2 nb na
Nickel 30 2.7 19°
Potassium nb nb na
Selenium 1 0.1 5
Silver 2 0.5 0.08
Sodium nb nb na
Thallium 1 3.8 4
Uranium 5 17 2.6
Vanadium 2 nb 19
Zinc 50 121 41°

a- Soil Benchmarks are based on selecting the lowest benchmark (either plants, or microorganisms, or earthworms)
from the Oak Ridge database (See Table 3).

b- Sediment benchmarks are initially derived from the Consensus-based TEC database (See Table 4).

If a Consensus-based TEC value was not available, then the lowest Sediment Quality Guideline (SQG) was

selected as the benchmark. All SQG values,except Uranium, are derived from EV S Consultants 1998. (See Table 4)
Uranium is derived from Environment Canada 2000 guidelines (See Table 4)
TEC = threshold effect concentration (below which harmful effects are unlikely)
d- Only a high SQG vaue was available for magnesium (See Table 4)

c- Surface water benchmarks are expressed in units of ug/L. See Table 5 for origin of values.

e Based on water hardness of 30 ppm and dissolved metal concentrations. Calculated using US EPA 2002. National
Recommended Water Quality Criteria. (See Table 5)

nb= no benchmark

na= not analyzed as a COPC (Contaminant of Potential Concern)

mg/kg = milligramg/kilogram

Mg/L = microgramg/Liter

dw = dry weight
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Table 3: Summary of Terrestrial Screening Values for Soil Organisms
Midnite Mine Site
Wellpinit, WA

(mg/kg, dry weight)

Analyte Plants® Microorganisms’ Earthworms”
Aluminum 50 600 nb
Antimony 5 nb nb
Arsenic 10 100 60
Barium 500 3000 nb
Beryllium 10 nb nb
Cadmium 3 20 20
Calcium nb nb nb
Chromium 1 10 0.4
Cobalt 20 1000 nb
Copper 100 100 50
Iron nb 200 nb
Lead 50 900 500
[IMagnesium nb nb nb
[IManganese 500 100 nb
[IMercury 0.3 30 0.1
[IMolybdenum 2 200 nb
[INickel 30 90 200
Potassium nb nb nb
Selenium 1 100 70
Silver 2 50 nb
Sodium nb nb nb
Thallium 1 nb nb
Uranium 5 nb nb
Vanadium 2 20 nb
Zinc 50 100 200

a Efroymson et al. 1997a Toxicologica Benchmarks for Screening Contaminants of Concern

for Effectson Terrestrial Plants. ESJER/TM-85/R3, Oak Ridge National Laboratory, Environmental
Sciences Division.

b- Efroymson et al . 1997b. Toxicological Benchmarks for Screening Contaminants of Concern
for Effects on Soil and Litter Invertebrates and Heterotrophic Process. ESER/TM-126/R2, Oak
Ridge National Laboratory, Environmental Sciences Division.

nb- no benchmark

mg/kg = milligramg/kilogram
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Table 4: Sediment Quality Guidelines® and Consensus-based Sediment Effects’

Midnite Mine Site
Wellpinit, WA

(mg/kg, dry weight)

Analyte Low SQG? Mid SQG? High SQG? Consensus-Based TEC® | Consensus-Based PEC”
Aluminum 9,400 13,500 73,000

Antimony 0.49 2 64

Arsenic 3 32 404 9.79 33
Barium 500 nb nb
([Beryllium 0.7 nb nb
[lcadmium 0.58 0.7 41 0.99 4.98
[[calcium nb nb nb
[lChromium 9.8 39 360 43.4 111
[[Cobalt 20 50 nb
[|Copper 14.9 96 206 31.6 149
[lIron 13,345 200,000 280,000
[ILead 23 99 39 35.8 128
IMagnesium nb nb 6,100
[IManganese 736 1,700 4,500
{IMolybdenum nb nb nb
IMercury 0.04 0.49 2.7 0.18 1.06
[INickel 20 40 75 22.7 48.6
Potassium nb nb nb

Selenium 0.1 2.5 4

Sodium nb nb nb

Silver 0.5 1 4.5

Thallium 3.8 nb 7.45

Uranium® 17 21 390

Vanadium nb nb nb

Zinc 50 380 550 121 459

a. Sediment Quality Guideline values (mg/kg, dry weight) derived from (EV'S Consultants. 1998. Compilation
of Worldwide Sediment Quality Guidelines for Metals and Metalloids. Final. Prepared for: Intern. Lead Zinc Research
Org., Inc. Intern. Copper Assoc., and Nickel Producers Environ. Research Org. September.)

b. Consensus-based TEC and PEC values (mg/kg, dry weight) derived from (MacDonald, D.D., C.G. Ingersoll, and
T.A. Berger. 2000. Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater

Ecosystems. Arch. Environ. Contam. Toxicol . 39: 20-31.
c¢. Uranium values derived from (Environment Canada 2000. Priority Substances List Assessment Report - Releases of
Radionuclides from Nuclear Facilities (Impact on Non-Human Biota). Draft. Health Canada. Canadian

Environmental Protection Act, 1999. July.)

TEC = threshold effect concentration (below which harmful effects are unlikely)
PEC = Probable effect concentration (above which harmful effects are likely)

nb = no benchmark

mg/kg = milligrams per kilogram
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Table 5: Surface Water Benchmarks®
Midnite Mine Site

Wellpinit, WA
(Ho/L)

Analyte USEPA® USEPA® Spokane Tribe" EPA Region® Source /EPA Region®

Aluminum 87 87

Antimony nb nb 30 Regions 1,3,6,9

Arsenic 150' 150

Barium nb nb 3.9 Regions 1, 6, 9
[[Beryllium nb nb 0.53 Regions 4, 9
(lcadmium 0.25 0.12° 1.03"
([chromium 111 749 20° 74.1

Chromium VI 11° 10°

Cobalt nb nb 3 DC, Region 9

Copper 9.0° 3.2 8.96"

Iron 1000 1000
(lLead 2.59 0.7° 2.52
IMagnesium nb nb 82,000 Regions 1,9
[IManganese nb nb 80 DC, Region 9
[IMercury 0.77 0.012

Nickel 52° 19° 52

Selenium 5 5

Silver nb nb 0.08 Region 6
Thallium nb nb 4 Regons 4, 9
Uranium nb nb 2.6 Region 9
Vanadium nb nb 19 DC, Region 1,5,6,9
Zinc 120° 41° 105"

& Surface water benchmarks are expressed in units of pg/L.

b- Surface water benchmarks derived from the U.S. EPA Water Quality Criteria (USEPA, 2002 ,EPA-822-R-02-047)
¢- Based on water hardness of 30 ppm and dissolved metal concentrations. Calculated using [US EPA (U.S. Environmental
Protection Agency). 2002. National Recommended Water Quality Criteria: 2002. Office of Water. EPA-822-R-02-047.]

d- Spokane Tribe of Indians Water Quality Criteria, Feb, 2001.
e- Freshwater derived from U.S. EPA regions.

f- Based on total dissolved As
g- Based on dissolved metal and 100 milligrams per liter (mg/L) hardness
h- Based on water hardness of 100 mg/L (Cd, Cu, Zn)
Ug/L = micrograms per Liter

nb= no benchmark
DC = U.S. EPA Headquarters, Washington, DC
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Table6. COPC Retained by AOI for Total Metalsin Surface Water Based on Hazard Quotients
Midnite Mine Site

Wellpinit, WA

AOI Aluminum ‘ Antimony‘ Arsenic | Barium ‘ Beryllium ‘ Cadmium‘ Chromium‘ Cobalt ‘ Copper ‘ Iron ‘ Lead ‘Magnesjum‘Mangan@e‘ Mercury" Mercuryb‘ Nickel ‘ SeIenium‘ Silver ‘ Thallium ‘ Uranium ‘Vanadium Zinc
Mined Area
Pit 3
Pit4
Blood Pool | 54 | BM<nD
Pollution Control Pond
Outfall Pond

Other Areasof Interest

Far Western Drainage

\Western Drainage

Northeastern Drainage

Central Drainage

Upper Eastern Drainage

Lower Eastern Drainage

Upper Blue Creek

Middle Blue Creek

Lower Blue Creek

Franklin D. Roosevelt Lake m

Background

HQ = Hazard Quotient (Calculated based on maximum concentration of metal analyzed) See Tables D-1 to D-16 for calculations
BM = Benchmark

ND = Not Detected

COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.

COPC = Contaminants of Potential Concern

AOI = Areaof Interest

a=HQ calculated from BM derived from NRWQL

b =HQ calculated from BM derived from STWQC

NRWQC = National Recommended Water Quality Criteria
STWQC = Spokane Tribe Water Qudlity Criteria

> = greater than

< =lessthan

BM<ND = Benchmark value |ess than non detected value
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Table 7. COPC Retained by AQI for Dissolved Metalsin Surface Water Based on Hazard Quotients
Midnite Mine Site
Wellpinit, WA

AOI Antimony | Arsenic | Barium | Beryllium | Cadmium | Chromium | Cobalt Copper Lead |Magnesium|Manganese| Mercury? | Mercury® | Nickel Silver | Thalium |Vanadium| Zinc

Mined Area

Pit 3

pita . . .

Blood Pool d o BM<ND

Pollution Control Pond

Ouitfall Pond BM<ND

Other Areasof Interest

Far Western Drainage
| 04 |

Western Drainage

Central Drainage

Upper Eastern Drainage BM<ND

Lower Eastern Drainage

Upper Blue Creek . BM<ND BM<ND

Middle Blue Creek d BM<ND

Lower Blue Creek J BM<ND

Background . BM<ND

HQ = Hazard Quotient (Calculated based on maximum concentration of metal analyzed) See Tables D-17 to D-31 for calculations - - HQ<1 (Analyte not being retained)
BM = Benchmark

ND = Not Detected - BM<ND or No Benchmark
COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.

COPC = Contaminants of Potential Concern NRWQC = National Recommended Water Quality Criteria -HQof 1.0t09.9

AOQI = Areaof Interest STWQC = Spokane Tribe Water Quality Criteria

a=HQ calculated from BM derived from NRWQL > = greater than -- HQ>10.0

b =HQ calculated from BM derived from STWQC < =lessthan

NA = anayte not analyzed
BM<ND = Benchmark value less than non detected value
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Table8. COPC Retained by AOI for Sediment Composite Samples Based on Hazard Quotients
Midnite Mine Site
Wellpinit, WA

ACI

AIuminum‘Antimony‘ Arsenic | Barium ‘Beryllium‘Cadmium‘Chromium‘ Cobalt ‘ Copper ‘ Iron ‘ Lead ‘Magnw’um Zinc

Mangan&se‘ Mercury ‘ Nickel ‘ Sdenium‘ Silver ‘ Thallium ‘ Uranium ‘Vanadium

Mined Area

Qutfall Pond

Other Areasof Interest

Far Western Drainage

Western Drainage

Northern Drainage

Northeastern Drainage

Southwestern Drainage

Central Drainage

Upper Eastern Drainage

Lower Eastern Drainage

Upper Blue Creek

Middle Blue Creek

Lower Blue Creek

Franklin D. Roosevelt Lake

Background

HQ = Hazard Quotient (Cal culated based on maximum concentration of metal analyzed) See Tables E-1 to E-14 for calculations - HQ<1 (Analyte not being retained)

BM = Benchmark
ND = Not Detected

- BM<ND or No Benchmark

COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.

COPC = Contaminants of Potential Concern

AOI = Areaof Interest
nb = no benchmark

> = greater than

< =lessthan

-- HQof 1.0t0 9.9
B o-100

BM<ND = Benchmark value less than non detected value
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Table9. COPC Retained by AOI for Sediment Grab Samples Based on Hazard Quotients

Midnite Mine Site

Wellpinit, WA

AQI AIuminum‘Amimony‘ Arsenic | Barium ‘Beryllium‘Ca:Imium‘ Chromium‘ Cobalt ‘ Copper ‘ Iron ‘ Lead ‘M@n&dum‘Mangan&ee‘ Mercury‘ Nickel ‘Selenium‘ Silver ‘Thallium‘ Uranium ‘Vanadium‘ Zinc
Mined Area
Pit 3 BM<ND | BM<ND
Pit 4 BM<ND
Blood Pool
Pollution Control Pond
Outfall Pond

Other Areasof Interest

Western Drainage

Central Drainage

Upper Eastern Drainage

Lower Eastern Drainage

Upper Blue Creek

Middle Blue Creek

Lower Blue Creek

Franklin D Roosevelt Lake

Background

HQ = Hazard Quotient (Calculated based on maximum concentration of metal analyzed)

BM = Benchmark
ND = Not Detected

COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.

COPC = Contaminants of Potential Concern

AOI = Areaof Interest
nb = no benchmark

> = greater than

< =lessthan

BM<ND = Benchmark value less than non detected value

0081-DFR-093005

See Tables E-15 to E-28 for calculations

-- HQ<1 (Analyte not being retained)

- BM<ND or No Benchmark
[ -hQof10t099
o100




Table 10. COPC Retained by AOI for Riparian Sediment Samples Based on Hazard Quotients
Midnite Mine Site
Wellpinit, WA

Aluminum| Antimony | Arsenic | Barium | Beryllium | Cadmium | Chromium | Cobalt Lead |Magnesium| Manganese| Mercury | Molybdenum| Nickel Thallium | Uranium | Vanadium

\Western Drainage

Lower Eastern Drainag BM<ND

Middle Blue Creek

Lower Blue Creek

HQ = Hazard Quotient (Cal culated based on maximum concentration of metal analyzed) See Tables F-1 to F-6 for calculations -— HQ<1 (Analyte not being retained)
BM = Benchmark

ND = Not Detected - BM<ND or No Benchmark

COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.
COPC = Contaminants of Potential Concern

[ -Hoof10w009
AOI = Areaof Interest
nb = no benchmark -- HQ>10.0

> = greater than <=lessthan
BM<ND = Benchmark value |ess than non detected value
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Table11. COPC Retained by AOI for Surface Soil Based on Hazard Quotients
Midnite Mine Site
Wellpinit, WA

Mined Area
Northeastern PIA
Southwestern PIA
East Haul Road
West Haul Road
Background

Aluminum| Antimony | Arsenic

Barium | Beryllium | Cadmium | Chromium | Cobalt

HQ = Hazard Quotient (Calculated based on maximum concentration of metal analyzed) See Tables G-1 to G-6 for calculations - HQ<1 (Analyte not being retained)

BM = Benchmark

ND = Not Detected
COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.
COPC = Contaminants of Potential Concern
AOI = Areaof Interest

nb = no benchmark
> = greater than
< =lessthan

- BM<ND or No Benchmark

-HQof 1.0t09.9

- o100

BM<ND = Benchmark value |ess than non detected value
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Table 12. COPC Retained by AQI for Subsurface Soil Based on Hazard Quotients
Midnite Mine Site
Wellpinit, WA

Aluminum| Antimony | Arsenic | Barium |Beryllium| Cadmium| Chromium | Cobalt Lead |Magnesium|Manganese|Molybdenum| Nickel | Selenium Thallium | Uranium | Vanadium

Northeastern PIA
Southwestern PIA
East Haul Road
West Haul Road
Background

HQ = Hazard Quotient (Cal culated based on maximum concentration of metal analyzed) See Tables G-7 to G-11 for calculations _ HQ<1 (Analyte not being retained)
BM = Benchmark

ND = Not Detected - BM<ND or No Benchmark
COPCs retained based on whether HQ>1, or HQ=1, or BM<ND, or nb (no benchmark). See Tables D-1 to D-16 for details.

COPC = Contaminants of Potential Concern _ HQof 1.0t09.9

AOI = Areaof Interest

nb = no benchmark - o100

> = greater than
< =lessthan
BM<ND = Benchmark value less than non detected value
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Figure 4. Conceptual Site Model - Surface Water and Sediments of Open Pits in the Mined Area
Midnite Mine Site

Wellpinit, WA
Chemical Source | MF:h:rTsn | Medium | | Release Mechanism | | Medium | | Exposure Route Terrestrial Receptors Aquatic Receptors
Aquatic
Terrestrial Ecosystem stem Aquatic Ecosystem
Producers Detritivores Consumers Producers Consumers
Upland Riparian/ Aquatic
\/egpaa\on Wetland Soil Biota Herbivores | Invertivores | Carnivores | Piscivores v qemlm Invertebrates Fish Amphibians
Vegetati b
[ Fugitive dust
emission

. [Emission of radon and daughter] Ambient air in R B N *
> Inhalation - - - - - - -
| products source area

>| EXW“:S:‘::'MM |—>| Wall material |—>| External Irradiation | - | o | - | o | o | o | o | * | * | * | *

m—b Sed'mz"sm | Direct contact |—>| Sediments |—> Direct Contact/Uptake - o - o o o o o o o o

Food-Chain Exposure - - - o o o o - - o o

| Open pit wall material |—>| Leaching l»r» S‘”“.;’;“”" | Direct contact |—>| Surface water |—> Direct Contact/Upteke - o - o o o o o o o o

Food-Chain Exposure - - - - - - o - - o o

Water and suspended t©
the pits

[ Groundwater discharge 1

Downgradient Continued on Figure 5
| ,—> >
Discharge to groundwater roundwater

Pathway not complete or applicable, no evaluation necessary.

:I Pathway is or may be complete; however, risk is likely low.

Pathway is complete and risk may be significant.

Continued on Figure 5

Continued on Figure 5

1- Adapted from URS(2001b),
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Figure 5. Conceptual Site Mode! - Surface Water, Instream Sediments, and Riparian Sediments in the Potentially Impacted Area®

Midnite Mine Site

Wellpinit, WA
Chemical Sources | Releasee Mechanism Medium Exposure Route Terrestrial Receptors Aquatic Re ors
Aquatic
Terrestrial Ecosystem Ecosystems Aquatic Ecostystem
Producers Detritivores Consumers Producers Consumers
Upland Riparian/ Aquatic
v F;allon Wetland | Soil Biota | Herbivores| Invertivores | Carnivores| Piscivores v qaaion Invertebrates Fish Amphibians
0 Vegetation b
4’[ Ri@iaﬂ sediments » Exposure of Terrestrial Receptors
Overland transport from surface of >/ -~ " Externa . . . N . . . . .
the MA and PIA rl External Irradiation Sediments \rradiation
Overflow of surface water from the N Direct R R N N N N
W0 Open pits ql Direct contact |—>| Sediments }—b Contact/Uptake o o o o o
LP - - - - - - o - - o o
Discharge from water treatment »|  Fugitive dust emission
plant
Discharge from groundwater and Downgradient bank, channel, and Emission of radon and Ambient air in soure . . N N .
Inhalation - - - - -
rings suspended sediments daughter products area
—>| Downgradient surface water }—>| Direct contact |—>| Surface water }—b - o * * * * o o o o
LP - - - * * * o - - o o

Pathway not complete or applicable, no evaluation necessary.

Pathway is or may be complete; however, risk islikely low.

Pathway is complete and risk may be significant

1- Adapted from URS(2001b).
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Figure 6. Conceptual Site Model - Surface Material Sourcesin the Mined Area®
Midnite Mine Site

Wellpinit, WA
Chemica Source | | Release | | Medium | Release Mechanism | | Medium | | Exposure Rote Terrestrial Receptors Aquatic Receptors
N Aquatic N
Terrestrial Ecosystem | Ecosystem Aquatic Ecosystem
Producers Detritivores Consumers Producers Consumers
Upland | Ripariav Aquatic
P Wetland Soil Biota Herbivores | Invertivores | Carnivores Piscivores quatl Invertebrates. Fish Amphibians
Vegetation . Vegetation
Vegetation
[ Fugitive dust
"|__emission |
— Y _
'I Emission of radon and daughter | ____ [ Ambient arin }””’| Inhalation | i | i | i | R | R | . | R | i | i | i | i
roducts source area
>| Extermal ‘"a":::'mmm”me}””>| Surface Material }””>| External Irradiation | o | - | o | o | o | o | o | - | - | - | -
Surface Material® Erosion | ri Direct contact |>****>| Surface Material |>****> Direct Contact/Uptake ] - o ] ] o o - - - -
L----p Food-Chain Exposure - - - o o 0 o - - - -
g emission ) PO
Windblown/Vehicles » D Soils > Continued on Figure 7
Dy lient Surface
> Overland Transport > jivnialinl S > Continued on Figure Pathway not complete or applicable, no evaluation necessary.
i
! | Di i Sed\mem} fffffff > Continued on Figure 5 l:l Pathway is or may be complete; however, risk is likely low.
[ Road C i el Used 10 build Mol Road b omeeeeemmeeeeee -l Heut Roed 10 the PIA. F——eemm
Matridls > Used to build Haul Road > Hal Road tothe PIA > Continued on Figure 7 Pathway is complete and risk may be significant.

[ rdcayinoed ) ;
> Trucks carry in ore? .

1 - Adapted from URS(2001b).
2- The Haul Roads may have been impacted by ore lost from trucks during the mining operations.

3-
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Figure 7. Soilsand Riparian Sediments in the Potentially Impacted Area®
Midnite Mines Site

4,‘ Leaching/ percolation }_,‘ Groundwater(2) ‘

Pathway is or may be complete; however, risk is likely low

Pathway is complete and risk may be significant

Wellpinit, WA
Receptors
Chemica Source Primery Media Release Mechanism Media Release Mechanism Media Exposure Route
Windblown radon and
daughter productsfrom [ | Downwindar
the MA and Haul Road Terrestrial end Riperian Receptors Aquatic Receptors
Fugitive dust and Terrestrial Ecosystem EA““:“ Aquatic Ecosystem
emsson Producers Deritivore] Consumers Producers Consumers
Ripariar/ -
Upland Wetland | Soil Biota | Herbivores | Invertivores | Carmivores | Pisdivores | AMC | vertetrates Fisn | Amphibians
Vegetation Vegetation
Vegetation
Downgradient srface ) ——
L | ol andripaian Emission of radon and Downwind ai inthe Ambient air Inhalztion o o o o o o o . E E E
daughter products sourcearea
sediment
Overland transport from|
surfece of the MA and
Hal Road
Discharge from water |
reatment plant ;l External irradiation H External Irradiation 0 ‘ o ‘ o ‘ 0 ‘ ° ‘ 0 ‘ 0 ‘ - ‘ - ‘ - ‘ -
Dischargefrom Direct contact in the D surface Direct Contact/Uptake o o o o o o o - - - -
groundwater and .
seepsisprings sourcearea soil and riparian
sediment Food Chain Exposire E E E o o o o . . E E
4>{ Overland flow W_;‘ Surface Water(2) ‘
> sciments2)
Pathway not complete or applicable, no evaluation necassary

1- Adapted from URS(2001b).
2 Pathway may be minor dueto smal volume of source:
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Figure 9. Model 1: Exposure Model Using Conservative Life History Parameters to Estimate Risk From Contaminants via Soil/Sediment and Surface Water Ingestion
Midnite Mine Site

Wellpinit, WA
[ Soil/Sediment Exposure | [ Surface Water Exposure | [ Totd Exposure | [ Exposure per Unit Body Weight (BW) TRV's | [ Hazard Quotients (HQ) |
S(JlllSedlmgnt Soil/Sediment Ingestion Surface Wz.iler Water Ingestion Rate
Concentration X ) Concentration X X
X Rate (Conservative) X (Conservative)
(Maximum) (Maximum) Divided HQ
l l l l ,— By | LOAEL | = ‘ LOAEL ‘
Total Intake through Soil/ | Total Ingestion (Soil/ | Divided . _
Sediment + Total Intake through H,O P cediment and Wi ater) By BW (Conservative) = Dose
Divided _ HQ
By NOAEL | - ‘ NOAEL ‘

BW = body weight

TRV = toxicity reference value

LOAEL = lowest observed adverse effect level
HQ = hazard quotient

NOAEL = no observed adverse effect level
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Figure 10. Model 2: Exposure Model Using Representative Life History Parameters to Estimate Risk From Contaminants via Soil/Sediment and Surface Water Ingestion
Midnite Mine Site
Wellpinit, WA

[ Soil/Sediment Exposure

Surface Water Exposure

Exposure per Unit Body Weight (BW)

Soil/Sediment
Concentration (Central

Tendency)

Soil/Sediment Ingestion
Rate (Representative)

Surface Water
Concentration (Central
Tendency)

Water Ingestion Rate

(Representative)

:

'

Total Intake through Soil/
Sediment

!

!

Total Intake through H,0O

—

v

Divided

Dose

Divided

Divided
By

By

[ Hazard Quotients (HQ) |

HQ
LOAEL

HQ
NOAEL

BW = body weight

TRV = toxicity reference value

LOAEL = lowest observed adverse effect level

HQ = hazard quotient

NOAEL = no observed adverse effect level
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Figure 11 Model 3a:

using Cor ife History ic Tissue Ct Food Sourcesto ia , Water and Dietary Intake
Midnite Mine Site
Wellpinit, WA
Soil/Sediment Exposire 1 Surface Water Exposire Dietary Exposire ] Total Exposiure [ Exposure per Unit BW [TrRvs ] Hazard Quotients
Total Soil/Sediment ‘Surface Water Concentrationin Concentrationin
Total Soil/Sediment ° Water Ingestion Rete " Proportion of Item 1in Proportion of Item 2in
IS
Concentration X |ingestion (Conservat | ‘ ‘ X ‘ © ( (‘ Dietary Item 1 X Diet Dietary Item 2 X Diet
Divided
By
Total Intake through Soil/ _ _ Total Ingestion (Soill | Divided _
o + Total Intakethrough H,0 + = Total Intake through H,0 = P it Wt Diet | oy |BW (Maximum) | = Dose
Divided
By
LOAEL = lowest observed adverse effect level
HQ = hazard quotient
NOAEL = o observed adverse effect level

0081-DFR-093005



Figure 12. Model 3b:

ife History Factors (BAFs) to Estimate Risk From Contaminantsfor Piscivores, Soil Feeding and Carni , Water, and Dietary Intake
Midnite Mine Site
Wellpinit, WA
Soll/Sediment Exposire Surface Water Exposire Dietary Exposure ] Total Exposure Exposure per Unit BW TRV'S Hazard
Total Soil/Sediment SoiI/TS:;‘ ment Surface Water Water Ingestion Concentration of Concentration in Food Ingestion
Concentration X Ingestion Concentration X Rete Soil/Sediment X |BAF (Maximum) = Food Items X Rate
(Maximum) o oesl aive) (Maximum) (Conservative) (Maximum) (Maximum) (Conservative)
Total Intake through Soil/ : Totdl Ingestion (Sail/ | Divided! ; _
+ Eep— . [ o rserompo | = —+] T o o vy -
bioaccumulation factor
BW = body weight
TRV = toxicity reference value
LOAEL =lowest observed adverse effect level
HQ = hazard quotient
NOAEL = o observed adverse effect level
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, Water and Dietary Intake

Figure 13. Model 4a: Exposu using ive Life History ific Tissue Cx Food Sourcesto isk via
Midrite Mine Site
Wellpinit, WA
Sol/Sadiment Exposire Surface Water Exposire Dicary Exposire Told Exposure Exposre per Uit BW [ TrRvs ] Hazad
Total Soil/Sediment Surface Water Water Ingestion Concentrationin Concentrati Food Ingestion
Concentration Proportion of Proportion of
Concentration X Central X Rate Dietayltem1 | X tem 1in Diet Dietary X | fem2inDiet X Rate
(Centra Tendency) i (Representative) (Maximum) (Representative)
Divided HQ
By | LOAEL | | LOAEL |
A A
Total Intskethrough Sail/ Total Intake through H,0 + =|  Tota Intake through Diet = »| Towingestion | DividedBy |BW (Representative)| = | Dose
Sediment
(Solll Seciment,
Water and Diet) vt [ o
ey NOAEL

BW = body waight
TRV = toxicity referencevalue

LOAEL = lowest observed acverse effect level
HQ = hazard quotient

NOAEL = 1o observed adverse effect level
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Figure 14. Model 4b: Expostre Model using ife History Factors (BAFS) From C Piscivores, Soil Feeding and Carni , Water, and Dietary Inteke
Midrite Mine Site
Wellpinit, WA
Sol/Sediment Exposre Sirface Water Exposire Dictary Exposire ] Told Exposure Exposire per UNTBW TRVS | Hazard Quotients
Totd Soil/Sedi Totd Surface Water Concentration of Concentration in
Concentration (Central | X Ingestion Concentration (Central | X Wf 'E;';" Rf'e Soil/Seciment BAF (Maximum) =| Foodltems | X F“g‘ '"gg‘ Rf'e
Tendency) (Representative) Tendency) (Representative) (Maimum) (Maximom) (Representative)

ot Intake through ol - _ Totd Tngestion (Soil - _

SR . (et maervamon] = o] T [ v | =

BAF = bioaccumulation factor
BW = body weight

TRV = toxicity reference value

LOAEL =lowest observed adverse effect level
HQ = hazard quotient

NOAEL = o observed adverse effect level
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Appendix A - BTAG Response Memorandum
Midnite Mine Site
Whllpinit, Washington
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This memorandum serves to respond to the comments and inquiries presented in the following three
memorandums:

1) Memorandum from the Spokane Tribe of Indiang/ AESE, Inc; Dated May 7, 2003; Subject: Review
of Draft Life Higtories.

2) Memorandum from the Spokane Tribe of Indiang/ AESE, Inc; Dated May 7, 2003; Subject: Review
of Toxicity Reference Vadues (TRV’s) for Mammals and Birds.

3) Memorandum from U.S. Fish and Wildlife Service; Dated May 21, 2003; Subject: Comments on
Toxicity Reference Vdues and Life History Profiles for the Midnite Mine Ecologica Risk Assessment.

All of the comments and/or inquiries presented in each of these memorandumsiis provided below
followed by aresponse for each comment or inquiry.

Memorandum from the Spokane Tribe of IndiangAESE, Inc; Dated May 7, 2003; Subject:
Review of Draft Life Histories.

Inquiry #1:
Generd Concerns:

1. TheTribeisdtill concerned with al issues described in our previous comments (e.g., see October
22, 2001 Comments from the Triba members of the MUM BTAG).

Many of such concerns center around uncertainties associated with BERA. Concerns pertinent to this
review and the ultimate BERA are echoed once again below:

|. Spatid Concerns

1. Exposure Point Concentrations (EPCs)
a How do they represent an area or volume of media (i.e., patia
representation of COCs within an exposure area)
b. Bioavailability of measured COCs
c. Effective concentration (bioavalability) and grain Sze

2. Définition of exposure areas (EAS)
a Each receptor has a separate home-range (i.e., spatialy different) and
therefore encounters different effective concentrations of COCsin their EA.
b. Each receptor spends different amounts of time, doing different things
(eating, drinking, dugting, etc.) in different portions of their home-range (which

0081-DFR-093005 A-1



isamosaic of different EAs 